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“Measuring at the Machine” 
MINIMIZES PRODUCTION LOSSES! 


Reducing production LOSSES means reduc- 
ing production COSTS. LOSSES usually 
occur at the machine—stopping such losses 
brings down costs. 


“Measuring at the Machine” brings the fol- 
lowing advantages which contribute to 
being able to sell a product profitably at 
or under competitive prices: 


When accurate gaging is practiced right at 
the production machine, scrap losses have 
been reduced as much as 80% and 90%. 


“Measuring at the machine” practically 
eliminates salvage work which is nearly 
always costly. 


Component parts reaching the assembly 
line fit quickly and easily—no assembly time 
lost. Instead of working to the high limit 
as an operator normally does, he works to 
hit the part “on the nose.” 
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When high production gaging instruments 
like the Multichek, Precisionaire and Visual 
Gage are used at the machine, the floor 
space devoted to inspection operations, 
gage maintenance costs and the labor cost 
of inspection are all greatly reduced. 


Under close dimensional control, finished 
products give maximum performance, 
greater service life, and help build prestige 
for the manufacturer. 


Fewer parts will wear out in service, and 
then replacement is quickly and easily done 
—no laborious fitting in the field will be 
necessary. 
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ACCEPTANCE SAMPLING COURSE 
NEWARK COLLEGE OF 
ENGINEERING 


The Newark College of Engineer- 
ing is presenting a Training Confer- 
ence on Acceptance Sampling to be 
held at the Robert Treat Hotel, New- 
ark, New Jersey, on the following 
eleven Friday afternoons (2:30 to 
5:30) and evenings (7:30 to 9:30): 
Sept. 27, Oct. 4, 11, 18, 25, Nov. 
1, 8, 15, 22, Dec. 6, 13. 


The staff includes Professors Paul 
Clifford, S. B. Littaver, and O. J. 
Sizelove for the whole conference 
and Dr. B. L. Clarke, Mr. Harold F. 
Dodge, Professor H. A. Freeman, 
Mr. G. R. Gause, Professor Freder- 
ick Mosteller, Paul Peach, Mr. A. I. 
Peterson, Dr. W. A. Shewhart, and 
Col. L. E. Simon as special lecturers. 


The college’s Advisory Panel on 
Industrial Statistics, comprised of 
Mr. A. |. Peterson, Chairman, Dr. 
B. L. Clarke, Professor S. B. Littaver, 
Dr. W. A. Shewhart, Professor O. J. 
Sizelove, and Professor S. S. Wilks, 
have selected the following major 
topics for conference consideration: 
Basic Reasons for Sampling, Basic 
Problems of Statistical Inference, 
The O. C. Curve, Assumptions 
Underlying the Design of Sampling 
Plans, Classification of Sampling 
Plans, Dodge Romig, Ordnance, 
Navy, and Peach-Littaver Sampling 
Tables, D.P.U. Plans, the A.O.Q.L. 
Concept for Lot Sampling and Con- 
tinuous Production, The Grand Lot 
Scheme, Double Sampling Plans, 
Comparison of Single and Multiple 
Sampling Plans, Future Develop- 
ments in Industrial Sampling. 


A 24-hour course in Basic Statis- 
tics will be offered during Septem- 
ber, preceding the conference, for 
those who feel that a statistics re- 
fresher will aid them in benefiting 
from the conference. 


Local Societies 100% American 


In the following local Societies, 
100% of the local members are now 
also members of the American So- 
ciety for Quality Control: 


Society for Quality Control—Uni- 
versity of lowa Group. 


Michigan Society for Quality 
Control 


Society for Quality Control 
Omaha Group 


Atlanta Quality Control Societ 
y Y 
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Organization of General 
Committees 

On 10 May, 1946, the President 
of the American Society sent a let- 
ter to the Chairmen or Presidents 
of all local Society Sections asking 
each of them to nominate five of 
their local members for appoint- 
ment, one to each of five general 
Committees of the American So- 
ciety 

The work of all of these general 
Committees is vital to the immedi- 
ate progress of the American So- 
ciety, and it is hence most impor- 
tant that they be activated at the 
earliest possible moment. Local 
Society Chairmen and Presidents 
are therefore urged to make their 
nominations as soon as they can do 
so. These are nominations and not 
appointments, so that it is not es- 
sential that they be ratified by 
local Societies before they are 
made. 


Mr. Walter S. Oliver of the Michi- 
gan Society has been appointed 
General Chairman of the Commit- 
tee on Membership. 

The remaining four general com- 
mittees, each with an Executive 
Chairman, will work under the 
General Chairmanship of Andrew 
|. Peterson, Vice-President of the 
American Society. 


The Executive Chairmen are: Mr 
Frank A. Palumbo, Illinois Society, 
Committee on Programs = and 
Speakers; Mr. Harold F. Dodge, 
Newark Society, Committee on Re- 
lations with Technical Societies; Mr 
Ernest H. Robinson, Chicago So- 
ciety, Committee on Publicity and 
Public Relations; Mr. A. C. Rich 
mond, Illinois Society, Committee 
on Relations with Educational In 
stitutions 


COVER PICTURE 


This picture was taken during 
Professor J. M. Juran’s address at 
the Banquet of the Mch gan Qual 
ty Control Forum, held in the Book 
Cadillac Hotel in Detroit Ph 
tographer: S. Zafron 
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SECOND REPORT OF MIDWEST 
Quality Control Conference 


The Relation of the Quality Function to 
the Industrial Enterprise 


JOSEPH M. JURAN 


CHAIRMAN, DEPARTMENT OF ADMINISTRATIVE ENGINEERING 


[Presented at Afternoon Session, 
March 5] 


It was at the Western Electric 
Company’s Hawthorne Plant in 
Chicago that there was undertaken, 
starting in 1924, the first large 
scale application of modern qual- 
ity control techniques. | was at the 
time a cub engineer when such 
men as G. D. Edwards, W. A. Shew- 
hart, and H. F. Dodge came to that 
plant to outline new techniques de- 
veloped in the ‘Bell Telephone Lab- 
oratories. Some of the principles 
we developed have endured to this 
day. Others have been rendered 
obsolete by the march of progress. 
It took years of work and many 
kinds of changes to extend the 
applications of these principles to 
so large a plant. But the results 
were gratifying. An_ inspection 
force of about 5,000 was reduced 
to a force of about 2,000, and yet 
the smaller force certified the same 
amount of production as had the 
larger force. Necessarily, the re- 
duction in the loss due to defects 
was correspondingly formidable. 


It was my privilege to be close to 
the quality function, in this plant 
and others, for over ten years, start- 
ing as a shop inspector and ad- 
vancing through the grades to head 
of the inspection division. From this 
experience and from a later ex- 
perience in the problems of top 
management, both in industry, | 
propose to deal with the subject in 
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its broad and fundamental aspects 
rather than in techniques. 


We may well start by the realiza- 
tion that the phenomenon which 
has given rise to increased em- 
phasis on the quality function is 
the rise of precision. The earliest 
industries posed no problems in 
precision as we define that word 
today. Farming, hunting, fishing, 
home-spinning and weaving, or the 
construction of crude houses of- 
fered no 20th century problems in 
precision. 


With the coming of the Power 
Age and the associated rise of 
monufacture, the need for precision 
increased sharply. Furthermore, 
manufacture itself, while growing, 
has shifted in emphasis from low- 
precision to high-precision manu- 
facture. The growth of large inte- 
grated industries requiring high de- 
grees of interchangeability; the de- 
velopment of aircraft and other 
forms of transport requiring abso- 
lute reliability of performance; the 
amazing growth of the electrical 
and electronic industries necessitat- 
ing high fidelity and long life; the 
dawn of synthetics; the growth of 
competition in quality—these events 
are among the most dynamic in the 
history of manufacture. 


Finally, in all indusiry, whether 
manufacturing or other, whether 
high-precision or low-precision, 
precision itself has tightened up. 


Consider, in the field of agriculture, 
the recent developments in the 
breeding of farm animals, the 
growing of hybrid grains, and the 
preservation of foods. Here the 
wave of precision has swept back 
to engulf the most ancient of in- 
dustries. On the forward side, the 
closing in of tolerances in mechan- 
ical and electrical apparatus, and 
the tightening of tolerances’ in 
physical characteristics and chem- 
ical purity are too familiar to re- 
quire elaboration. 


On all accounts, the rise of man- 
ufacture, the increasing emphasis 
on high precision products, and the 
closing in of tolerances, it is clear 
that we are witnessing an unparal- 
leled rise of precision. Measured 
on a scale of centuries, an index of 
precision would be rising in geo- 
metric proportion. This is a deep 
and fundamental change. 

The fact that such a change was 
slow in developing has tended to 
obscure its presence. Yet for many 
companies the war dramatized the 
change. They were suddenly 
brought face to face with new 
problems in precision, and were 
not fully prepared. In consequence 
scrap losses during war-time were 
very high, too high so have a place 
in a world of competition. More- 
over, so deep and fundamental a 
change necessarily effects all parts 
of the industrial enterprise—not just 
the top, or the bottom, or the spe- 
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cialist. Top management is always 
affected by a major change in the 
pattern of industry. The main 
trunks of the organization are in- 
volved, some to a remarkable ex- 
tent. The change may call for new 
habits on the part of some of the 
people at the bottom. The change 
may require development of a new 
skill or profession. Finally, such a 
change affects the relations of each 
company with the suppliers, the 
customers, and the competitors. A 
company cannot produce greater 
precision in vacuo; it must secure 
greater precision from its suppliers 
All are affected—the professions, 
the schools, the press. 


Granting the existence of this 
deep and fundamental change, it 
becomes the responsibility of the 
industrial executive: 


1. To recognize the existence 
and significance of the change. 
(This is one of the highest respon- 
sibilities of the executive.) 


2. To take action in the light of 
this understanding 


What, then, is the quality prob- 
lem? in brief, the quality problem 
is to establish, for each character- 
istic of the specification, the opti- 
mum balance between the cost of 
quality and the value of quality. 
By a quality characteristic | mean 
one item of the specification a 
limited dimension, a maximum on 
phosphorous content, a minimum 
By quality | 
mean both quality of design and 
Quality 
of design, sometimes called 
grade,” refers to variation § in 


on tensile strength. 


quality of conformance 


specification for the same function- 
al use, whereas quality of conform- 
ance refers to the fidelity with 
which the product meets the de- 
mands of the design specification 


Years ago, Edwards’ showed 
that there is an optimum to qual- 
ity of design, and that above or be- 
low this optimum, the margin be 
tween cost and value shrinks. In 
like manner, there is an optimum 
Above 
or below this optimum, the cost of 


to quality of conformance 


conformance is greater than the 
This element- 
al problem to find, for each char- 
acteristic of the specification, the 
best balance between the cost of 


cost at the optimum 


quality and the value of quality 
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is the building block of the quality 
function. It is this elemental prob- 
lem, multiplied many, many times, 
which constitutes the overall quality 
problem of industry. 


Although | have stated the ele- 
mental problem as applying to one 
quality choracteristic, there are in 
fact thousands of these choracter- 
istics. They ore so numerous that 
it is out of the question to strike 
the “best balance” in the high 
levels of the organization. The bal- 
ance must be struck at the lower 
levels of the organization, or not 
at all. This leads to a restatement 
of the problem—how to secure, in 
the lower levels of organization, 
the collection of the essential facts, 
and the co-ordinated consideration 
of those facts, so as to strike, for 
each quality characteristic, the op- 
timum balance between cost of 
quality and value of quality. 


A good rule-of-thumb is to de- 
termine what is being lost through 
failure to conform to specification. 
To do this there should be computed 
or estimated how much is being 
lost through: 


(1) Scrap and junk 


(2) Disassemble, rework, reas- 
asemble 

(3) “Extra” operations 

(4) Detail inspections when 
sampling might do 

(5) Customers’ quality returns 


(6) Excessive service to custom- 
ers. 


The total of this is approximately 
the amount of “gold in the mine.” 
The order of magnitude of this total 
is the guide to the size of the cor- 
rective action which can be justi- 


fied. 


Actually, the total indicated 
above does not reflect the less tang- 
ible losses such as productive de- 
lays and stoppages, irregular de- 
liveries, or higher inventories. On 
the other hand, it does not pay to 
reduce the total to zero, since the 
point of diminishing returns sets in 
first. Neither does the above total 
state the positive side of good qual- 
ity—the reputation such as has been 
achieved for china by Wedgwood, 
or violins by Stradivarius. Nor does 
the total state the potential risk of 
great and perhaps fatal blows to 
quality reputation through blunders 
or frauds. The importance of the 
order of magnitude of the amount 


of “gold in the mine” cannot be 
overstated. Without such know!l- 
edge, the top company officials 
cannot judge how much of an at- 
tack should be made on the prob- 
lem—how much engineering effort, 
how much supervision, how much 
consulting service, how much re- 
search, how much training. 


To solve the problem—to strike 
that optimum balance—actually in- 
volves several undertakings by the 
industrial company. | list these as 
five in number, and consider them 
as being about equal in weight. | 
would call these: 


a. Quality-mindedness 
b. Organization 

c. Engineering 

d. Management tools 
e. All else. 


Quality-mindedness Human ex- 
perience is full of proofs that state 
of mind is of great importance in 
achieving an objective. A _ plant 
with a good sofety record needs 
safety-mindedness quite as much 
as mechanical safety devices. The 
soldier must be put into the correct 
state of mind before he can use his 
weapons to the best effect. Qual- 
ity-mindedness is no exception. 
Change of state of mind always in- 
volves an indoctrination—a propa- 
ganda. This is a training or edu- 
cational process and should _in- 
clude top executives as well as in- 
termediate officials and first-line 
supervisors. All should understand 
the new emphasis, the role each is 
to play, and the importance of a 
co-ordinated attack. 


Organization § involves” giving 
adequate recognition to the qual- 
ity function and to the people who 
have the responsibilities. It includes 
setting up the necessary staff assist- 
ance. If, for example, there is no 
clear-cut answer to the question 
“Whose job is it to investigate the 
cause of defective work?”, then 
there exists an important piece of 
unfinished business in the field of 
organization. In my experience, a 
company which faces the need for 
setting up a staff group to deal 
with these problems can minimize 
jyrisdictional disputes by setting 
the group up in some existing 
trunk of the organization rather 
than creating a new trunk of or- 
ganization. The risk of the latter 
procedure is that the new organ- 
ization will spend months or years 
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acquiring jurisdictional rights be- 
fore it can function properly. If, 
however, it can be set up to func- 
tion promptly, the correct organiza- 
tion solution will become apparent 
much sooner. 


Engineering includes specifica- 
tion writing, process engineering, 
instrumentation, and related en- 
gineering jobs. Much of this is 
well handled. In my experience, 
this job usually is done better than 
the other four; yet there is still much 
room for improvement, particularly 
in the writing of specifications. The 
ideal setup is to engineer controlled 
quality into the job at the outset, 
much as is sometimes done with 
factory layout and production con- 
trol. But with respect to quality 
control, this is as yet something 
visionary. 

Management techniques include 
scientific sampling, rating of qual- 
ity of product, quality incentives to 
operators and inspectors, control 
charts, quality audits or surveys, 
and executive reports. Currently, 
much activity is under way toward 
developing and improving these 
techniques, and it may well be that 
a high degree of effectiveness of 
these tools can be attained. Any 
program for improving the quality 
performance in a company should 
certainly include liberal training in 


the application of these techniques 
to actual work situations. 


All else There remain elements 
of the problem such as research, 
advertising, collaboration in pro- 
fessional society undertakings, and 
still others. Very likely, as the deep 
and fundamental change unfolds 
itself, we shall learn of new meth- 
ods of attack not yet discovered. 
Certainly the. new competition in 
quality will require a new form of 
advertising in quality. As to this, 
we will have to collaborate with 
our advertising brethren. But cer- 
tainly we want to avoid the uh- 
fortunate advertisement of Product 
X. This showed a cross-section of 
Product X and its limited dimen- 
sions, with large type proclaiming 
that here was why the Product X 
could never be mass-produced. 
Actually, the limited dimensions 
eloquently testified that here was 
why Product X could be mass-pro- 
duced! 


Those who have recently learned 
the nature of the statistical methods 
may be disappointed and even 
shocked that so little importance 
is given to these statistical tools in 
the foregoing analysis. Yet this is 
a considered judgment, and by one 
who has pioneered in the use of 
these same tools. In all too many 
instances, an admirable knowledge 


of the statistical tools is frustrated 
by lack of organization, or lack of 
quality-mindedness, or engineering 
inadequacy. Knowledge of the 
statistical tools is highly desirable, 
and probably necessary, but defi- 
nitely not sufficient, by itself, to 
bring about substantial improve 

ments in the handling of the qual 

ity function. 


One more caution on the use of 
the statistical tools—look at it from 
the other fellow’s viewpoint; how 
can his aspirations be advanced by 
his use of these tools, for such is his 
criterion. By the same token, the 
emphasis must be on use of these 
tools and not on their knowledge. 


Seldom has human society ad- 
justed to any deep and funda- 
mental change without some false 
starts. The adjustments to the rise 
in precision may be no exception 
to this. There will be some over- 
emphasis and some over-enthus 
iasm as people strive to find the 
correct solution. Those charged 
with carrying out the quality func 
tion have a responsibility to mini 
mize this natural tendency to false 
starts by acquiring a broad under 
standing of the entire quality func 
tion before they undertake to de 
cide on the adjustments they will 
make. 


Fundamentals of Quality Control 


LLOYD A. KNOWLER 


CHAIRMAN, DEPARTMENT OF MATHEMATICS, STATE UNIVERSITY OF IOWA 


|. SOME PRINCIPLES OF QUALITY CONTROL 


BY STATISTICAL METHODS: CLINIC 1 


The application of statistical 
methods to the control of the quali- 
ty of manufactured goods is be- 
coming well known in_ industry. 
Many industrialists regard it as 
one of the most important of the 
recent developments. This is par- 
ticularly true for many of the in- 
dustries which were devoted to the 
manufacture of goods directly re- 
lated to the war effort. These con- 
cerns had to manufacture goods 
hampered by lack of material and 
inadequate numbers of trained 
personnel, and they had to make 
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the goods to meet close specifica 
tions without much loss of time 
Professions other than engineering 
are also beginning to adopt the 
procedures. Excellent results have 
been reported in each of the fol- 
lowing categories: 

1. Improving the quality of in- 
spected materials. 

2. Improving the quality of the 
final product. 

3. Economies in the use of labor 
and materials. 

4. Decreasing rejects. 


5. Decreasing inspection costs 


6. Improving producer-consumer 
relations. 


7. Aiding in the conversion from 
the production of one type of 
product to another 


Many attempts have been made 
to give a short statement which ex 
presses the idea of quality control 
by statistical methods. None of 
them has been entirely satisfactory 
because been broad 
enough to include the entire areo 
and at the same time specific 
enough to give adequate meaning 
However, one statement which ap 

the desired 
control by 


none has 


proximates result is 


“Quality 


statistical 
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methods is a new approach to the 
quality problem that places de- 


cisions on a _ factual, statistical 
basis.’ 
Probably the phrase “quality 


control by statistical methods” is 
largely self-explanatory. Its mean- 
ing varies according to the industry 
in which it is applied and to its use 
on a project 
product starts with the design and 
specifications, but it is also af 
fected by the materials used, by 
the production process, and by the 
inspection of the product. 
Originally a great deal of interest 
was given to acceptance sampling 

a phase which is still very im- 
more recent years, 
however, the production process 
has received its share of attention, 
and at present considerable time 
is also being devoted to design and 


The quality of a 


final 


portant In 


specifications Perhaps it is pos 
sible to predict additional empha 
sis on research and development in 


the future 


One of the fundamental ideas of 
quality control by statistical meth 
ods is to undertake to build qualli- 
ty into the product by keeping the 
various steps of the process with- 
in control That is, quality must be 
BUILT into a product: it cannot be 
INSPECTED into it. The value of 
having a uniformly good product 
is well known. What counts most 
to the consumer is not how good is 
the average quality produced by 
the company, but how good is my 
candy bar, or my pencil, or my pair 
of shoes 

Quality 
useful in aiding the mcintenance of 
a desired quality level by provid- 
ing a factual basis for evaluating 
what is being done in the plant and 
for setting specifications in a more 
The methods may 
serve as an aid in the determina- 
tion of the quality level which 
should be maintained. This quali- 
ty level is first affected by inspec- 
ting the incoming materials, such 
as the corn which is made into 
syrup, or the peas which go into a 
can, or the milk which is bottled, 
and by keeping a continual check 
on vendors supplying them. Sta- 
tistical tests are also used in the 
determination of the quality of 
through an analysis of 
certain ingredients, the viscosity of 


control methods are 


scientific way 


material 


Quality Control, Deere and Company 
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a fluid, the temperature of a metal, 
or the silicon content of a bar. 

In a food industry large savings 
may be effected through the 
analysis by statistical procedures 
of the actual weights of material 
put into a container. In a concern 
manufacturing optical lenses the 
procedures are of value in check- 
ing the grinding instruments. This 
checking may be the result of a 
single procedure such as keeping 
a chart in a suitable form of the 
breakage occurring at some as- 
sembly point. In the production 
process at a machine shop, interest 
may focus on pins of a certain 
length, bolts of a certain diameter, 
or gears of a certain dimension. 
Statistical procedures are desirable 
to aid in adjusting the various 
machines so as to maintain toler- 
ances. Possibly an analysis of the 
shut down time of a machine is 
valuable. Often an analysis will 
reveal when a machine is about to 
cause trouble. Such an analysis 
has obvious predictive value. A 
commercial establishment may find 
it profitable to study the causes for 
absenteeism, or the cause contribut- 
ing to a difference in performance 
at different times of the day. A 
change in lighting system is often 
worthwhile. The personal comfort 
of individual employees is import- 
ant. Discomforts which were easily 


adjusted have been discovered 
through the analysis of control 
charts. For clerical operations, or 


in processes involving human oper- 
ations, a study of the different types 
of errors may be valuable.” 

The scientific methods of statis- 
tical quality control are being used 
in such industries as aircraft, candy, 
chemicals, clay products, drugs, 
electrical equipment, farm machin- 
ery, food, foundries, glass, mail or- 
der, metal working, optics, paper, 
plastics, radio equipment, rubber, 
feeds, seeds, small arms, steel, 
surgical dressings, telephone, tex- 
tiles, and tools. Fundamental 
principles are the same: applica- 
tions vary. 

Two of the principles which un- 
derlie the theory of quality con- 
trol are variation and measure- 
ment. No two things are exactly 
the same: there are differences be- 
tween any two articles. These 
2.An Adaptation of Statistical Quality Con- 
trol at Aldens: James M. Hallowe, Quality 
Contr Report N« Quality Centro! Pro 
gram, Carnegie Institute of Technology for 


Office of Production Research and Develoy 
ment, War Production Board, Sept., 1945 





variations may be small, but they 
do exist. It is immaterial as to the 
refinement of the variations: the 
quality control procedures are 
similar. By studying the differ- 
ences, progress can be measured. 
The measure may be the weight of 
a product, the number of errors 
made by an individual, the num- 
ber of letters misfiled, the per cent 
of scrap, the number of defects 
found in final inspection of a 
finished product, the number of 
blowouts in a mile of insulated 
wire, per cent of germination 
of seed corn, the number of 
defective bricks or blocks in a 
quantity of building material, the 
number of sales in a certain area, 
the number of returns from a 
questionnaire, the number of in- 
quiries because of a circular, the 
volume of business because of the 
distribution of catalogues, the num- 
ber of pin holes in a paint job, the 
tension on a spring, or the num- 
ber of thin spots in a sheet of 
paper. 

It is known that a large number 
of causes contribute to the variation 
in quality from one unit of the 
product to another. If the cause 
contributing to the variation can be 
identified, it is called an assignable 
cause. One of the problems _ in 
quality control is to learn to find 
the assignable causes so that they 
can be eliminated or allowance 
made for them. Mathematical sta- 
tisticians and industrial represent- 
atives have combined to develop 
sound statistical theory which has 
been perfected and simplified to 
such a degree that industry is 
making effective applications in the 
inspection of incoming material, in 
the location of trouble in the pro- 
duction process, and in warning of 
imminent trouble. All this helps to 
reach a verdict in the inspection of 
the final product and in advising 
when the production process should 
be changed. Needless to say, these 
benefits represent a substantial 
saving in labor and materials. 


It is desirable to note that what 
is a finished product to one concern 
or one department may be raw 
material to another. Ten thousand 
pairs of shoes may represent the 
finished product to a shoe manu- 
facturer, but they are raw material 
to a shoe store or to a mail order 
company. If some part of an en- 
gine, a tractor, a shell, a battery, 
Or a pump is completed in one de- 
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partment and sent to another for 
additional work, the finished pro- 
duct of the first department be- 
comes raw material to the second. 
In fact, nearly all the materials re- 
ceived by a consumer are raw ma- 
terials insofar as that particular 
person is concerned. 

Much of the control achieved on 
the production line is based upon 
a control chart. The idea is rela- 
tively simple. In fact a control 
chart has been likened to a high- 
way in that a highway of a cer- 
tain width must be maintained to 
accommodate the necessities of 
driving vehicles. The width of the 
pavement necessary for a car is dif- 
ferent from that needed for a span 
of mules hitched to a hay rack, al- 
though each width can probably 
be determined in a fairly accurate 
manner. 


In order to see more specifically 
the relationship between a_high- 
way and a control chart consider 
Figure 1 and Figure 2 together with 
the diagram shown in Figure 3. It 
will be observed that the pavement 
corresponds to the green of the 
safety zone. Along either side of 
the pavement is a shoulder referred 
to as the yellow or caution zone, 
while beyond the shoulder is the 
ditch referred to as the red or 
danger zone.” The pavement or 
safety zone should be of a certain 
width in order to satisfy the needs. 
This width depends again on the 
vehicle or the mode of transporta- 
tion. For economy it should be set 
so that one is safe to be upon the 
road. It is unnecessary that it be 
otherwise. In fact, width is deter- 
mined by the vehicle and driver 
being used: that is, by the process. 
The edges of the pavement are rep- 
resented by control limits. Should 
a wheel of the car get off the pave- 
ment (outside a control limit) then 
action should be taken in order to 
bring it back into control, or the 
result may be disastrous. The 
boundary between the shoulders 
and ditch represents the specifica- 
tion limits. It is necessary to keep 
individual parts within these limits 
in order to avoid the production of 
scrap. This can be done by keep- 
ing the process in control and by 
taking specific action when plot- 
tings occur outside the control lim- 
its. 


3.The color scheme was worked out with the 
cooperation of E. L. Fay. 


4.E. L. Fay, Chief Inspector, John Deere 
Tractor Co., Waterloo, lowa. 
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In the beginning (and still too 
frequently) the procedures of qual- 
ity control by statistical methods 
were regarded as applying only to 
inspection problems. They were 
thought of as related only to the 
acceptance or rejection of material 
purchased by the plant. This, it is 
now recognized, is but a small por- 
tion of the area for fruitful appli- 
cations. 


The individual who writes the 
specifications should know the 
capabilities of the machines and 
personnel as well as the quality of 
the material. He needs to know 
the variations of the process so as to 
set tolerances in an intelligent man- 
ner and so that they can be held 
economically. Management needs 
to know when it is economical to 
make a fundamental change in the 
process. Will the present equip- 
ment produce satisfactory material? 
ls it more economical to recondition 
old machines or should money be 
spent for new ones? Is it more 
economical to employ trained per- 
sonnel for a particular job or to 
use that which exists? Probably 
breaking points at which the var- 
ious economies are affected are 
more readily obtained by statisti- 
cal procedures than by certain em- 
pirical processes or hunches which 
one often has concerning them. In 
addition, a study should be made 
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The control chart is thus a picture 
or a photograph’ of the process, 
and it should be placed, near the 
machine or operation. The chart 
represents an advertisement” for 
the worker of what he is doing. 
It is easy to follow and relatively 
simple to interpret. Control chart 
techniques will be discussed in 
more detail in subsequent sections 
of this paper. 


5.Wayne M Bikler Quality Control Er 
gineer, W. A. Schaeffer Pen Company, Ft 
Madison, lowa 


Lower Specification Lialt 


HIGHWAY LIKENED TO CONTROL CHART 


to determine if wages are just at 
various points in the production 
line. 

Many persons are interested in 
short runs, possibly a job shop 
operation. It is easy to recognize 
the value of statistical procedures 
in a long run where a number of 
similar articles are produced. The 
procedures are obviously of par- 
ticular value to a company which 
must produce a large number of 
parts to close tolerances. But what 
is the application when there is a 
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small number of articles? At one 
time this thought was prevalent in 
each of the industries previously 
listed in the paper, but not at the 
present time. It is not essential 
that each piece be alike. In fact, 
no two pieces ore ever exactly the 
same. Applications have been 
made where no two pieces were 
intended to be the same, where the 
production was but one item per 
week, and where only a few items 
were on one order. Such applica- 
tions are especially valuable if a 
similar run will be made at a later 
time. One fact is often overlooked: 
the control chart on one machine 
or one operation is essentially the 
same as an application in a small 
concern, even though thet one 
machine or one operation may be a 
part of a large unit. In fact, it 
might even be conceivable that 
statistical procedures would have a 
greater proportionate saving in a 
short run than in a long one. 


In the development of a quality 
control program two important 
factors should be considered. First, 
get started, but do not go too fast. 
Many times management, upon re- 
viewing the results of one or two 
installations, will request “three or 
four carloads” within a few doys. 
This simply cannot be done. It 
takes time. It is even dangerous 
for an experienced quality control 
engineer familiar with installations 


to try to inaugurate a complete 
program overnight. Personnel 
must see the success of the plan 
and be corried along with it. In 


fact, it might even be suggested 
that current procedures be carried 
along simultaneously for at least a 
short time so as to be sure that the 
applications are being made as 
they should. The second import- 
ant factor is to understand the fun- 
damental principles. The people 
on the job or in the plant—the ma- 
chine operators or the clerks in- 
volved—as well as management, 
should understand the fundamental 
ideas which are basic to the pro- 
gram. Action must be taken when 
the charts indicate the presence of 
an assignable cause. 


Management is very much inter- 
ested in the quality of the product 
under its supervision, and such in- 
terest is likely to be more intensive 
in the future. Very likely manage- 
ment will desire to have someone 
report directly to it concerning the 
quality of the work being done or 
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the product being made by the pro- 
cess: it will be vitally interested in 
observing the progress being 
made. It recognizes that modern 
techniques of quality control by 
statistical methods are going to be 
a permanent development. Pres- 
ent procedures are being steadily 
improved as additional applications 
are made. 


Many persons now recognize 
that there is little value in collect- 
ing data if it is not to be used. 
Much material has been collected 
and filed away in a desk drawer 
where it does no one any good. 
Mathematical statisticians realize 
that too many interpretations have 


been made from an incorrect c- 
nalysis or from an analysis based 
upon a faulty collection or mistabu- 
lation of data. Many times an in- 
dividual, in order to support a 
whim or a hunch, gathers data in 
such a way as to substantiate such 
whim or hunch, even though it may 
be necessary to disregard most of 
the data which fail to support his 
narrow view. A theory should be 
tested by sound statistical proced- 
ures—biased data should not be se- 
cured to support a whim. The col- 
lection, the tabulation, the analysis, 
and the interpretation of the data 
tie together, and when properly 
united are profitable to the com- 
pany and all concerned. 


ll. DEMONSTRATION AND CONSTRUCTION OF 
AVERAGE AND RANGE CHARTS: CLINIC 6 


Much of the gain through qual- 
ity control by statistical methods 
arises from the production of ma- 
terial which conforms to specifica- 
tions, rather than from attempting 
to sort good from bad at a later 
time. In other words, it is an at- 
tempt to control the production of 
goods at the time they are being 
made—at the machine when an op- 
eration is taking place. The be- 
havior of the process includes all 
that goes with it: that is, men, ma- 
chines, and materials. 


Success has been achieved to a 
large extent by use of control 
charts which give the picture or 
photograph of the work as it is 
done. A control chart is relatively 
simple to construct, and it is easily 
interpreted by one who under- 
stands the fundamentals upon 
which it is based. These funda- 
mentals are readily grasped by the 
personnel when presented to them 
clearly. One important type of 
control chart is referred to as the 
average (X) and range (R) chart. 
This is really two charts which are 
usually constructed simultaneously. 

As an example, assume the pro- 
duction of pins which have speci- 
fications set at 6.0000” + .0005” 
in length. It is known that it is 
impossible to have each pin ex- 
actly 6.0000” in length, hence the 
condition that each acceptable pin 
shall be between 5.9995” and 
6.0005”. 


The problem might as well have 
been to determine the smallest 


average weight of food necessary 
to put into containers so as to have 
the net weight of the contents to 
be one pound, or to determine the 
time necessary to cook a product 
so as to obtain a certain viscosity, 
or the minimum length of cloth 
necessary to meet a standard after 
allowance for shrinkage, or the de- 
viations to be permitted from a 
standard budget without making a 
special investigation, or to select 
from a battery of machines the 
particular one which produces bad 
material, or to study the behavior 


of an automatic screw machine 
making small parts. Applications 
cre numerous: the fundamental 


principles and particular procedure 
which follow are the same for each 
of them. 


Suppose the process—men, ma- 
chine, material—has been produc- 
ing pins which have fallen into a 
tote box as they have been made, 
or possibly they have been kicked 
out on a belt line. Take a pin at 
random from the tote box or belt 
line. Upon measurement its length 
is found to be 6.0002”. A tendency 
might exist to alter the set-up to 
produce pins which are .0002’ 
shorter. Then another pin is meas- 
ured and found to be 5.9997"—a 
second adjustment is made to make 
them .0003” longer. Another pin 
is measured and discovered to be 
6.0002”. Apparently the machine 
is back to the initial setting—act- 
vally the process has been adjusted 
so as to make pins .0001” longe: 
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than at first. Another adjustment 
and the pin measures 5.9999”. 
Another adjustment and the result 
is 6.0000”. This procedure could 
be continued as long as the ma- 
chine is operating. The tendency 
for some operators to make num- 
erous adjustments is well known. 
On the other hand, some operators 
hesitate to make adjustments. Does 
the control chart offer a guide to 
the elimination of this operator in- 
consistency? 


The machine should be allowed 
to operate long enough to deter- 
mine the actual variation which ex- 
ists, and to discover the setting 
which enables the machine to make 
the greatest number of satisfac- 
tory pins. The existence of varia- 
tion is understood; the problem is 
to find out the amount of varia- 
tion which is to be expected, and 
to determine if the specifications 
can be met. To a large extent, 
these objectives can be attained by 
taking small random samples at 
regular intervals, examining them 
carefully, and putting the results on 
a control chart. 


Consider the five measurements 
referred to above as though no ad- 
justments had been made. The 
lengths were 6.0002”, 5.9999”, 
6.0001”, 6.0000” and 6.0000”. Their 
sum is 30,0002”. This total divided 
by 5 gives 6.00004” for the aver- 
age (X) length of the pins. Not 
only is this average length valu- 
able, but also the amount of de- 
viation between the largest and 
smallest is desired. The longest pin 
was 6.0002”; the shortest was 
5.9999". The difference between 
these two lengths, .0003”, is refer- 
red to as the range (R). 


A little later, maybe ten minutes, 
thirty minutes, or possibly an hour, 
according to the amount of pro- 
duction, a second sample of five 
pins is taken at random from the 
production during the period. Sup- 
pose the five measurements to be 
6.0000”, 6.0000”, 5.9997”, 6.0002” 
and 5.9997”. For these five, X 
5.99992". The range in this case, 
being the difference between the 
largest and the smallest, is R 
.0005” the difference between 
6.0002” and 5.9997”. 


To save a great deal of calcula- 
tion and paper work, and to reduce 
the error hazard as well as the 
time involved, a computation short- 
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cut should be introduced. This 
consists in considering the devia- 
tions from 6.0000” instead of the 
actual length. It will be useful to 
have a form to use in recording the 
measurements. This form should 
be self-explanatory, and can be 
constructed so as to satisfy the con- 
ditions of the problem at hand. The 
accompanying “Midwest Quality 
Control Data Sheet” is suggestive. 
In order to save space, the record 
of the measurements will be con- 
tinued in the form of Table I. 


Reconsidering the first example 
then, ne record in units of ten 
thousandths of an inch would be: 
2, -1, 1, 0, 0. The five measure- 
ments total 2, which when divided 
by 5 gives an average (X) of 0.4. 
The range (R), being the difference 
between the largest and smallest, 
is 3. To see why negative numbers 
are handled this way, we might 
consider the temperature as being 
-1 in the morning and 2 at noon, 
during which time it has warmed 
up 3 degrees. 


MIDWEST QUALITY CONTROL DATA SHEET 


Product 

“haracteristic 

Unit of Measurement 
Specification 


Date 
Number in Sample 
Machine 


Operator 


Sample 1 2 3 4 5 ¢ ~ , 
Time 
Individual Values 4 0 +3 1 l | 0 0 
1 0 l 3 0 0 0 +2 0 
l 3 +4 0 | 1 3 2 0 
0 12 2 - 0 2 1 3 ! 
0 3 1 1 l 3 + 3 0 l 
Total 2 4 +5 2 l 7 5 3 ‘ 
xX 4 “ 1.0 4 2 1.4 1.0 ‘ 
R 3 5 6 4 2 3 4 
Sample 10 11 12 13 14 15 1¢ ] 5 
Time 
Individual Values 0 +1 0 2 +2 2 0 0 
) 2 0 4 l 2 +4 { l 
2 +1 2 2 0 +1 4 l 
1 +1 2 1 2 1 0 0 ! 
3 0 5 1 0 3 2 { 
Total +4 4 9 2 0 ; +1 4 
x 1 + 8 8 1.8 4 0 6 + .2 4 
R 3 § 2 4 4 5 3 4 
Sample 19 20 21 22 23 24 2 
Time 
Individual Value 2 +2 0 0 l 0 1 
0 2 ] 2 l l l 
l l l ] 4 ! 4 
] +2 I l $ l 
0 l +1 l l 2 +1 
I " 4 0 2 0 3 4 
xX 8 0 4 1.0 0 f " 
R 2 4 2 2 3 1 
N ‘ 
TABLE | 
Sample Measurements of each of Sample Sample 
Number five items in sample Average Range 
26 4 0 0 1 ] 0.6 4 
2% 2 l 2 2 l : ; 
2 4 2 l 3 1 ? 
29 | 4 l 0 2 i) 
40 ] l 2 ] 1.4 
41 4 2 4 2 1.6 
32 ; 2 l 0 l 0.0 4 
* , 0 1 0 1 OR 
+4 l l 2 l 1.0 
f 4 5 0 1.6 ‘ 
36 ; l 5 3 l 0.f x 
; 0 3 4 l l l 4 
38 5 5 5 2 3 ] ] 
39 0 ‘ 6 z 2 2.0 
10 2 ] 0 7 1 1.4 if 
41 4 ] 1 0 2 1.2 ‘ 
42 2 4 4 0 2 0.* . 
4 ‘ 0 4 0 § 0 ‘ 
44 | a - 1 1 
45 I 6 l l 4 2 
16 2 2 l 1 6 1.0 
47 5 5 0 0 2 2.4 5 
i* 5 4 6.4 
19 1 5 | ‘ 
50 1 2 4 5 0.6 ; 
11 








There is no profit in collecting 
data that are not going to be of 
immediate use. The information 
collected becomes meaningful 
when put on a chart before the 
operator and at the machine—it is 
useless when filed away in a desk 
drawer to be observed next week 
or not at all. Accordingly, the data 
are transferred at once to a control 
chart. Plottings of the individual 
values are as shown on Figure 4 
corresponding to sample number 
1. The plottings of the average 
X-—-0.4 and the range R=-3 are 
represented as sample number | in 
Figure 5. It will be observed that 
the plotting in Figure 5 corresponds 
to the encircled point in Figure 4. 
That is, a comparison of Figure 4 
and Figure 5 gives a relationship 
between the individual values and 
the average value for sample num- 


bers 1-10. 


The plottings of X—0.4 and 
R-—-3 show that the average is 
slightly above zero, and give an 
idea of the spread. In a similar 
manner sample number 2 is plot- 
ted. Although no change has been 
made in the process, the average is 
seen to be a little less than zero 
and the spread somewhat larger. 
This procedure is repeated for 25 
samples of 5 each. 


The chart in Figure 5 indicates 
that the average for these 25 
samples is about right. It also 
shows that the process is in control, 
since all of the averages fall with- 
in the control limits which will be 
explained presently. This means 
two things; that the material which 
has not been inspected is consistent 
with the inspected samples, and 
that the process can be expected to 
produce material in the future 
which is consistent with the in- 
spected samples. 


lt is very dangerous to draw in- 
ferences from data without making 
a statistical analysis. Often what 
looks to be true is deceiving. A 
critical examination of these data 
involves determining the center of 
the distribution and the width of 
the so-called highway necessary to 
enclose practically all points, pro- 
vided no assignable cause is oper- 
ating. Adding the 25 averages to- 
gether, gives \ X -1.8, which 
when divided by 25 gives a grand 


average of X 072. This rep- 
resents the center line on the aver- 
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Figure 4 








So much for the center line, or 
the middle of the highway. The 
next step is to close up the edges 
of the pavement enclosing the 
safety zone. Mathematical statis- 
ticians® have developed formulas 
for this purpose. These formulas 
are relatively simple, although the 
theory behind some of them is not 
too elementary. Reference to the 
American War Standard Z1.3-1942, 
Control Chart Method of Control- 
ling Quality During Production,’ 
provides the formulas: X+AR for 
the upper and lower control limits 
for the average chart, and D,R, 


D;R for the upper and lower con- 
trol limits for the range chart. 


From previous work, X=0.072 


and R—=3.84. The Z1.3 Standard 
gives A, 0.577, D,—2.114, and 
D., —0 for samples of 5 items. Sub- 
stituting in the formula for the 


—0.072 


averages gives X+AR 
(0.577) (3.84) 

2.14 U.C.L.-Upper Control Limit 
-2.29 L.C.L.-Lower Control Limit, 
and for the ranges 
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CHARTS FOR PIN LENGTH 
age chart, and is indicated by a D,K—(2.114) (3.84)— 8.12 U.C.L.- 
heavy line. It is rather standard Upper Control Limit 
procedure to draw this line in red. 
Similarly, the sum of the range col- 25 nalin We “Welies’ Bon cilinstad tha Goudie 
umn for the 25 items is SR—96, ment of the formulas in the M. S. Thesis 
; Some Statistical Developments f Quality 
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an average range of R 3.84; this May he purchased by writing Americar 
also may be indicoted on the chart Standards Association, 70 East 45th Street, 
New York, 17, N. Y., Price seventy-five 


by a heavy red line. 
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D;R=(0) (3.84) 

Lower Control Limit. 
Drawing lines (usually heavy brok- 
en red lines) on the chart at these 
values, confirms a previous state- 
ment that the process is in control: 
that is, it is consistent: all of the ob- 
served variability can be ascribed 
to a constant system of chance 
causes. Since the process is in con- 
trol, it can be inferred that this con- 
dition will continue until an assign- 
able cause (or causes) enters the 
process. 

The next step is to determine 
whether or not the process makes 
material that will meet the specifi- 
cations of 6.0000” + .0005”. To 
do this, a test formula is available 
which quite often is not understood 
or is not used to full advantage. 
The test formula gives the spread 
or dispersion in the _ individual 
items, pieces, or separate units of 
work being produced. The par- 
ticular test formula to be used is 
a’ =R/d». where’, is read “sigma- 
prime of x”, or simply “sigma- 
prime.” Sigma-prime may be 
thought of as a unit of measure 
such that when the process is in 
control practically all the individual 
pieces will be within a distance of 


three times this value (39’, ) from 


the grand average X. That is, 
practically no pins will be longer 


than X + 30°, inches, and pract- 
ically none will be shorter than 
X—30", inches. 

Reference to the Z1.3 Standard 
shows that d,=— 2.326 for samples 


=0.00 L.C.L 


of size 5. For the particular ex- 
ample 
a’ R 3.84 
d. 2.326 1.633, 
X+30', —0.072+ 3 (1.651) 


4.881 and —5.025 
That is, practically all of the pins 
will be between 6.0000” — .00050” 

5.9995" and 6.0000” .00049” 

6.0005”, as required by tine spec- 
ifications. 

A further analysis of the control 
chart for averages reveals that 
should the center line shift, the 
lengths of the individual pins would 
have shifted, and the process would 
be producing some material which 
would not meet specifications, un- 
less, of course, there had been a 
compensating decrease in the aver- 
age range. 

Since the process is in control at 
a satisfactory level (meeting speci- 
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fications), we can extend the con- 
trol limits for the next period of 
operation and expect the plottings 
to stay within them unless an as- 
signable cause enters. Should an 
assignal:le cause exist, then some 
plottings will probably fall beyond 
the control limits, or the center line 
will shift. A shift of the center line 
will be suspected if points tend to 
hover on one side of it. 

In Figure 5 the control limits 
based upon samples 1 to 25 have 
been extended on through samples 
25 to 60. For plottings 26 through 
35 the range seems to be about 
the same. The average, however, 
seems to have shifted upward. In 
fact, the third sample point, num- 
ber 28, falls just outside a control 
limit. Maybe this performance will 
still be consistent, but if so, it is 
consistent at an undesirable level 
—sooner or later scrap will be pro- 
duced. In this particular example 
it happens that the mean was 
shifted .0001”, and indeed it 
showed on the control chart very 
early. The original spread _ re- 
mained unchanged. This too is in- 
dicated on the chart. 


For plottings 36 through 45 there 
was quite a shift in the range 
chart. In fact, each of the plottings 
is above the central line, and four 
of the ten plottings are above the 
upper control limit. The average 
chart shows that the plottings 
jumped about a great deal, and 
one is even above the upper con- 
trol limit. There is a tendency, 
however, for the averages to hover 
about zero. In this particular series 
the average was zero, but the 
variation or spread was increased 
as is shown on the chart. When 
such a condition exists it is ex- 
pected, from a theoretical point of 
view, that plottings will be outside 
of the control limits on both the 
average and the ronge charts. This 
demonstration turned out to con- 
firm expectation. 


Consider sample numbers 46 
through 50 wherein the center has 
been shifted .0001” and the spread 
remains large. Although only five 
plottings are made, the center has 
shifted on the chart and the range 
has remained large. In other words, 
the control chart shows through 
this entire demonstration of 50 
plottings exactly what was hap- 
pening when it happened. It gave 
warning of trouble early in the 
game. 


In Figure 6, is shown the relation 
between the distribution of aver- 
ages, control limits based on aver- 
ages, the distribution of individual 
items, and the possibility of meet- 
ing specifications. Without undue 
refinements, the broken curve in 
Figure 6 is the theoretical represen- 
tation of the distribution of the 
lengths of the individual pins used 
in the example. The heavy curve 
represents the theoretical distri- 
bution of averages, each based on 
a random sample of five pins. The 
heavy horizontal line represents 
the center (or average) of each dis- 
tribution, the broken horizontal 
lines represent the upper and lower 
control limits of the average chart, 
and the arrows point to the values 
between which practically all of 
the individual pin-lengths should 
fall. 


A comparison of the actual val- 
ves based upon only 25 plottings 
and the theoretical values may be 
of some interest: 


Theor- 
Actual  etical 
x -0.072 0.00 
Upper Control Limit 2.14 2.30 
Lower Control Limit -2.29 -2.30 
ox 1.651 1.715 


Although one should be reluctant 
to accept much less than 20 plot- 
tings to characterize a process (10 
plottings are usually considered to 
be a dead minimum), the following 
comparisons are given: 


Samples 26-35 
(10 plottings) 


Actual Theoretical 
x 1.06 1.00 
ox 1.55 1.715 


Samples 36-45 
(10 plottings) 


Actual Theoretical 
x 0.08 0.00 
ox ~ 3.57 3.47 
Samples 46-50 
(5 plottings) 
Actual Theoretical 
x 1.00 1.00 
Ox 3.70 3.47 


A question might be raised as to 
the action to be taken when the 
individual values do not fall as 
indicated in Figure 6. Two courses 
of action may be taken. First, 
one could study the frequency 
distribution of the individuals by 
taking a random sample of some 
50. or 100 items. By so doing, one 
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Figure 6: 





THEORETICAL DISTRIBUTION CURVES 


FOR AN AVERAGES CHART 


will often discover that no great 
difference exists between theory 
and observations. If a great dif- 
ference does exist, then, of 
course, one can predict how much 
rework and/or how much scrap 
to expect. If rework must be done, 
then it must be recognized that 
100 per cent inspection is neces- 
sary, and that the cost must be 
borne. This would have to be bal- 
anced against making scrap. It is 
often more economical to make a 
small amount of scrap than to have 
100 per cent inspection, especially 
on small items which are inex- 
pensive. 


A second course of action would 
be to consider the readjustment of 
specifications. Often they can be 
altered without any functional dif- 
ficulty in using the part. Then the 
standard procedures can be used 


quite effectively. 


In summary, the following points 
should be noted: (1) the control 
limits are set by the process itself 

one should look for an assignable 
cause by focusing attention on the 
process when plottings fall outside 
these control limits; (2) when con- 
trol is established it is possible to 
predict the future behavior of the 
process; (3) it is desirable to make 
a statistical analysis whenever a 
process has been changed; (4) con- 
trol charts are useful in maintain- 
ing control after it has been at- 
tained; (5) a control chart is simple 
to construct and the story it tells is 
direct; (6) a control chart by itself 
will not produce good material, but 
it aids in the more rapid produc- 
tion of good material by giving a 
picture of the process when it is 
needed. 


ill. AN APPLICATION OF AVERAGE 


AND RANGE CHARTS: 


As a particular example of aver- 
age and range charts, consider the 
following data which, as indicated, 
refers to a fuse that is to blow with- 
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CLINIC 11 


in 150 seconds. The specific data 
given in the Control Chart Data 
Sheet on page 15 are self-explan- 
atory. 





in order to save space, the aver- 
ages and ranges of sample num- 
bers 1-12 together with the cor- 
responding values for the next 
thirteen samples, numbered 13-25, 
are tabulated in Table Il. 


As in the previous demonstra- 
tion, the averages and ranges are 
plotted on the following charts re- 
ferred to as Figure 7. 


The immediate problem is to de- 
termine whether or not the process 
indicated in Figure 7 is within con- 
trol. As before a preliminary cal- 
culation of the control limits is 
based upon all data. The compu- 
tations are, 


x 1968.9 73.9 Central Line, 
25 
R 2 60.1 Central Line, 


Il 


AR — 73.9 + (0.577) (60.1) 
108.6 U.C.L. and 39.2 L.C.L. 
for averages, 
D,R — (2.114) (60.1) 
U.C.L. for ranges. 
DR (0) (60.1) 0 
L.C.L. for ranges. 

The control charts for the prelim- 
inary data show a decided lack of 
control of X, with extremely high 
values in the period for sample 
numbers 10-14, and scattered in- 
stances of lack of control of X and R 
for sample numbers 8, 21, and 22. 
The high level of X during the per- 
iod for sample numbers 10-14 was 
definitely attributed to a faulty lot 
of raw material, which was there- 
upon withdrawn from the produc- 
tion line and replaced by a new lot. 
There were no known reasons for 
the lack of control indicated by 
sample numbers 8, 21, and 22. 
Sample numbers 10-14, only, were 
therefore disregarded, and new 
values for control limits were com- 
puted for the remaining samples. 


127.1 


In this work interest centers in 
knowing what the process does 
with the men, machine and mater- 
ials being used. Consequently no 
data or plottings should be ex- 
cluded unless an assignable cause 
has been discovered and elimin- 
ated. Since the faulty material was 
withdrawn from the process, but no 
known reasons for lack of control 
in samples 8, 21, and 22 were dis- 
covered, it is standard practice to 
disregard only sample numbers 
10-14 in calculating the new con- 
trol limits. 
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UNIT OF MEASUREMENT .......... 


SPECIFIED LIMITS .......... 


Sample No. 1 
AM 
Time 8:35 
42 
or rved Value 65 
(Individual 75 
‘ 78 
87 
Total 347 
Average, X 69.4 
Range, R 45 


ee re 
snasbels Time of Blow.... 
scien Seconds 
hiiaie 150 sec. Max... 
2 3 
9:25 10:30 11 
42 G 
45 24 
68 80 
72 81 
90 81 
317 
63.4 
48 72 


CONTROL CHART DATA SHEET 


Coenen et eeeseeee 


4 5 
PM 
00 1.00 
36 42 
54 51 
69 57 
77 59 
84 78 


PRODUCTION ORDER NO. ...........cc0c0000: OID... dish hile citecins 
ON aS a ,_ a 
I i a ko ae Se | ee eae 
RR ACR I anes NRO P BN Se 
6 7 8 9 19 11 12 
AM 
1:50 3:05 4:00 8:30 9:25 10:30 11:35 
51 60 18 15 69 64 61 
74 60 20 30 109 91 78 
75 72 27 39 113 93 94 
78 95 42 62 118 109 109 
132 138 60 84 153 112 136 
410 425 167 230 562 469 478 
82.0 85.0 33.4 46.0 112.4 93.8 95.6 
81 78 42 69 84 48 75 


Sample Number 10: 1 fuse exceeds maximum limit, 35 additional fuses tested. 
Data recorded on supplementary data sheet. 
Adapted from “Control Chart Method of Controlling Quality During Production,” p. 23, American Standards 


Association. 


Table Il. 
Sample Average 
Number x 
1 69.4 
2 63.4 
3 55.0 
4 64.0 
5 57.4 
6 82.0 
7 85.0 
8 33.4 
9 46.0 
10 112.4 
11 93.8 
12 95.6 
13 117.8 
14 113.6 
15 74.8 


Calculation of control limits with 
faulty material withdrawn from the 


process yields: 


x 1314.8 
20 
averages, 
R 1161 
20 
ranges, 


X + AR 65.7 


SUMMARY AND CONTINUATION 


Range 

R 

45 
48 
72 
48 
36 
81 
78 
42 


65.7 C.l. for 


58.0 C.L. for 


(0.577) 


(58.0) 99.2 U.C.L. and 
32.2 L.C.L. for averages, 


DR (2.114) (58.0) 
U.C.L. for ranges. 
D.R (0) (58.0) 


L.C.L. for ranges. 
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122.6 


0.0 


The second problem, and usually 
an important one, is to test to de- 








Sample Average Range 
ale x o termine if the present process will 
16 80.8 45 meet specifications, which is done 
17 71.8 57 as follows: 
18 53.2 75 _ 
19 74.8 48 a 30.0 249 
20 59.2 63 x dy 2.326 
21 65.8 129 = 
22 109.6 42 X + 30’, 65.7 + 3 (24.9) 
23 44.2 51 140.4 seconds. 
24 73.6 51 
25 51.4 27 Since 140.4 seconds is less than the 
Total 1848.0 1503 specified maximum of 150 seconds, 
Zz -t-- 
0) ee 108.b;5_ __f-s} se aneaeuaaeee g---- 
or —— — jal" ie IL ACL, 
<a ——rsg| | 
ooo SF 65.7 th. 
> " [\ 
_ Pre 


RANGES 








73)\— mee LO, 
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0 5 /0 1S 77) “5 3O 
Figure 7: CONTROL CHARTS FOR BLOWING TIME OF A FUSE 
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the process is satisfactory, and the 
new values are adopted for use in 
the immediate future.” 

It is probably unnecessary to pre- 
sent the exact details, but by a pro- 
cess similar to the above it is pos- 
sible to make a great number of 
applications of which the follow- 
ing are suggestive: weight of a 
fluid in a container; life of electric 
light bulbs or vacuum tubes; weight 
of food in a package; results of 
analysis of a product; 
moisture content of paper or rub- 
ber; velocity of a projectile; varia- 
tion in deviations from the stand- 
ard in cutting bolts of cloth; inside 
diameter of a bore; outside di- 
ameter of a bolt or piston; thick- 


chemical 


ness of a steel plate; weight of a 
certain quantity of cloth; deviations 
from standards in budgetary con- 
trol; number of absentees; weight 
of coating in a manufacturing pro- 
cess; quantity of fluid in a con- 
tainer; traffic or accident rates. 
The approach to the problem, 
and the test to determine whether 
or not specifications are met, is the 
same in each of the examples cited. 
Additional applications are being 
made as more individuals are be- 
ing trained in the work. It is 
largely a matter of understanding 
the fundamental principles and 
making the applications to the pro- 
ducts in one’s own plant or indus- 


try. 


IV. INTRODUCTION TO FRACTION DEFECTIVE 


CHART 


A second type of chart which has 
been used a great deal to good ad- 
vantage is the fraction defective 
chart, often referred to as the 
lt is likely that a large 
data is available in 
most plants which could be ad- 
vantageously displayed on such a 
chart. It is useful not only on pro- 
duction but also in connection with 
the inspection of incoming mater- 
ials: that is, acceptance sampling. 


p-chart 
amount of 


An item or unit is considered to 
be defective if it contains one or 
more defects with regard to the 
quality characteristic | measured 
or under consideration. The frac- 
tion defective, p, is the ratio of the 
number of defective units to the 
total number of units under consid- 
eration—it is sometimes referred to 
as the proportion defective 


As an example, consider the be- 
havior of the results of sampling 
by taking lots of size 50 from a 
process controlled at 4 per cent de- 
fective: p’ 0.04. The variabil- 
ity pattern of a controlled process 
can be demonstrated by taking 
samples at random from a box of 
beads which is 4 per cent defective. 
This might well represent the con- 
sideration of the number of 
scratches on 50 pens, or the num- 
ber of burrs on 50 bushing nuts, 


jata for this example and muect 

f the approach to its solution has been 
taken, by permission, from The Amer- 
an Standards Z1.3-1942 manual re 


ferred to in Il above. 





sample is 4 per cent defective: i.e., 


p 0.04 in this case. A second 
sample of 50 contains one bad 
bead which represents 2 per cent 
defective, or p 0.02. This pro- 
cedure is continued for various 
combinations of sample sizes with 
the results as tabulated in Table 
Hl. 

The values of p determined by 
the data in Table lil are put on a 
control chart as indicated by Figure 
8, which refers to samples of size 
50, and Figure 9, v- hich refers to 
samples of size 100. In practice, as 
with all control charts, these plot- 
tings are made as the values are 
known—the chart is kept up to date 
so management or those interested 
can take appropriate action imme- 
diately. 

The results shown by Figure 8 
for samples 1-25 will be examined 
more critically. The total number 


TABLE Ill 


CLINIC 16 
Number of Defectives 
Sample ina 
Number Sample of Size 
50 100 
] 2 3 
2 ] 1 
3 2 4 
4 0 4 
5 2 4 
6 3 6 
7 4 5 
8 2 3 
9 0 2 
10 3 4 
11 0 3 
12 ] 4 
13 2 4 
14 2 3 
15 3 5 
16 5 8 
17 ] 2 
18 2 3 
19 3 2 
20 1 4 


or the number of absentees per 50 
persons, or the number of break- 
downs per 50 hours, or the num- 
ber of defective condensers per box 
of 50, or the number of defective 
motors for a day’s production of 
50. Other charts such as the np 
and c-chart are also applicable to 
some of these How- 
ever, the p-chart is also appropri- 
ate, and is the one discussed here. 

The first sample of 50 beads, con- 
tains two defective ones. The 


examples 


of defectives found in the 25 
samples is 49. The central line, 
Number of Defectives 
Sample ina 

Number Sample of Size 
50 100 

21 ] 3 
22 1 4 
23 4 6 
24 2 4 
25 2 3 
26 4 5 
27 1 4 
28 3 7 
29 3 6 
30 2 5 
31 3 > 
32 6 6 
33 2 4 
34 3 9 
35 2 6 
36 3 4 
37 ] 3 
38 0 | 
39 2 3 
40 0 1 


p, is the ratio of the number of de- 
fective items found to the total 
number of items examined, thus, 


p= 49 — | 
(2 550) 1250 


0.0392 or 3.92 per cent. 
As usual, a heavy red line is drawn 
on the control chert at p — 0.0392. 
It will be observed that the plot- 
tings tend to balance about this 
central line. 
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One might infer from the figure 
that a great deal of jumping 
around is taking place. It might 
even be inferred that sample num- 
ber 16 was unusual. Before arriving 
at any conclusion the limits of 
chance variability must be investi- 
gated. For this type of chart, the 
control limits are given by the 
formula, 


Pt 3) PU-P 


where n represents the number of 
observations in each sample—the 
sample size. Substitution in the 
formula, gives 


039219600)_{1215 UCL 
0392 t3V"""'50 LO LCL 





The lower control limit is taken as 
zero since it is impossible to have 
less than 0 per cent defective. When 


the L.C.L 0, it is often not repre 
sented on the chart. A heavy 
broken red line is drawn at 
0... 0.1215. 


It will be observed that each of 
the plottings fall within the control 
limits and in about the proportion 
that would be expected should a 
curve, similar to that of Figure 6, 
be superimposed upon the chart 
In other words, the control chart 
indicates that the process is in con- 
trol at approximately the 4 per cent 
level. If this process is satisfactory, 
the limits are extended and used 
as standard values. Attention 
should be focused on the process 
with the expectation of taking ap- 
propriate action should a plotting 
fall outside the limits, or if a shift 
in the process seems to have oc 
curred. This shift might be ob 
served either through a change in 
the central line or by an unusual 
distribution because of a run or 
of a concentration of plottings. Two 
controls are given on the average 
and range charts average and 
range. Similarly, there are two 
controls in the p-chart: the central 
line and the control limits. 


It will be observed that plottings 
for samples 26-30 are still within 
the control although one 
might suspect a slight shift in the 
central line. One might suspect a 
greater shift in considering the rep- 
resentation of samples 31-35, since 
each of the plottings falls above the 
central line. These suspicions are 
justified in this demonstration be 
cause the process was altered so 
that the box had 5 per cent de 


limits, 
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Figur 9 


fective beads during the drawing 
of samples 26-30, and 6 per cent 
defective beads during the draw 
ing of samples 31-35 Also, the 
apparent lowering of the central 
line for samples 36-40 resulted 
from changing the per cent defect 
ive to 3 per cent during this period 


A study of the control chart im- 
mediately tells one what has been 
taking place through the entire 
study far better than memory or 
a mere examination of the figures 
on the record sheet. Furthermore, 
the central line and the upper con- 
trol limit provide a simple ard re 
liable way of knowing when and if 
action should be taken, and also 
suggests the type of action to be 
taken. If a plotting falls outside the 
control limits for no apparent rea 
son, it is probably desirable to look 
for an assignable cause and pos 
bly eliminate it lf the plottings 
indicate the process is in control 
level, ‘ 


but at an unsatisfactory 


probably desirable to focus at 


tention on the process with the ex 
pectation of mak nga fundamental 
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change his fundamental change 
may be overall change or a 
breakdowr >¢ ths component ports 


p-CHART FOR TABLE lil, n 100 


and a change in any one of them 
The change may refer to men, ma 
Often the pres 


ence of the control chart itself will 


chine, or material 


induce the necessary change 

In order to study the effects on 
such a chart when the sample size 
is changed to 100, Figure. 9 has 
been constructed for the same pro 
cesses and for the same number of 
samples It will be observed that 
the central line agrees very closely 
with that 
the value of the upper control limit 


in Figure 8 However, 
is less since the amount of variation 
in the proportion defective is less 
for large samples than for small 
ones 


Probably the difference in the 
variation expected can be 
readily understood by the consid 
eration of taking samples of size 


more 


one. An item is either good or bad 


lt is either zero per cent defective 


or 100 per cent defective Samples 
of two may have either 0, 1 or 2 
defectives, and the variation 1s 


either O 50. or 100 per cent. that 
. from 0 to 100 On the other 
hand, in taking samples of say 


10,000 from a very large 4 per 
cent defective lot, the probability 
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of obtaining 10,000 bad pieces is 
infinitesimal: that is, the number 
of defectives increases as the. 
sample size gets larger, but the 
variation in the per cent of defect- 
ives becomes smaller 


lt is important to recognize that 
with the p-chart, as well as with 
the others, the control limits are set 
by the process; whereas the speci- 
fications as to allowable fraction 
defective are set by the engineer or 
by the individual in charge of the 
operation upon consultation, per- 
haps, with management. 

It is necessary to check the pro- 
cess against specifications. At one 
time the customary reaction was to 
demand no defectives, that is, to in- 
sist that the central line be reduced 


to zero. If the process is in con- cess when applied to human oper- 
trol, and consistent, this demand ations.” When thoroughly under- 
would mean a change in the pro- __ stood, it is a very sseful tool. In 
cess—an expense would probably acceptance sampling, it has been 
be involved. The expense might found useful to plot the results from 
well be prohibitive. Again, an different vendors on the same chart. 


even worse condition might exist If copies of the charts cre sent to 
through a tendency actually to sup- the various suppliers, it may well 
press some of the records so as to be that the one submitting mater- 
have a nice looking control chart. ial of a poor quality will take ap- 
One must be sure the samples are propriate action to remedy his man- 
taken in a random manner, inspec- ufacturing process. This type of 
tions carefully made, and the data application has been made, and 
accurately and completely recorded. has paid the consumer well. 


Then the control chart will tell what 
is being done—it will be valuable. 


The p-chart has a great number (9) James M. Ballowe, How Will Quality 
f lj . it j f f d Control Reduce Costs?, Production Ser- 
of applications. ft is ofen reterre ies Number 162, American Management 
to as a management chart. It has Association, New York 18, New York, 
October, 1945 Also, see reference to 

been used with a great deal of suc- ine ta § cheve 


NOTICE 


The next report of the Midwest Quality Control Conference. will 


appear in the September issue. Additional copies of this issue and the 


May issue can be obtained at a price of $1.00 each. The complete Con- 


ference report will be available at a price of $4.00. Requests for in- 


dividual copies or for reservation of complete sets should be sent to 


Martin A. Brumbaugh, Crosby Hall, University of Buffalo, Buffalo 14. 


Payment should accompany orders for individual copies. In placing 


orders for the complete report, please give mailing address so that we 


can send bill when the set is ready, either in December, 1946 or January, 


1947. 


Tables to Facilitate Computation of Sampling 
Limits of s and Fiducial Limits of Sigma 


FREDERICK E. CROXTON, COLUMBIA UNIVERSITY, AND 
DUDLEY J. COWDEN, UNIVERSITY OF NORTH CAROLINA 


In constructing control charts, 
control limits are often placed at 
distances of three standard devi- 
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ations, or three standard errors, mean (actual or modified) of values 
above and below the central line, that have previously been plotted. 
the central line being an arithmetic For items and means this pro- 
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cedure is fairly satisfactory since, 
if the process is in control and cor- 
rect values are used for the mean 
and standard deviation of the 
population, 135 in 100,000 of the 
items and means tend to fall above 
the upper control limit, and a like 
number below the lower control 
limit. 

The distribution of s (the stand- 
ard deviation of a sample) around 
the population value o is positively 
skewed, especially for very small 


samples such as are often used 
with control charts; and if the con- 


trol limits are located at s + 30< 
more than .00135 of the standard 
deviations will fall above the up- 
per control limit, while less than 
.00135 of the standard deviations 
will fall below the lower control 
limit. This discrepancy. becomes 
greater as the sample size becomes 
smaller, and when N is 5 or smaller 


s — 30, is negative. For such cases 
the lower control limit is conven- 
tionally taken as zero. 


Table 1 permits one to locate 
control limits so that a specified 
proportion of values should fall 
above the upper control limit, and 
a specified proportion below the 
lower control limit. These propor- 
tions need not be the same, since 
it may be more important to avoid 
a change in the cause system that 
makes the product less uniform 
than it is to seek the cause of a 
change in the cause system that 
makes the product more uniform. 
A table similar to the present one, 
for upper and lower probability 
points of .001 and .005 only, and 
for sample sizes from 2 to 15 in- 
clusive, is published as Appendix 2 
in American Standards Association, 
Control Chart Method of Control- 
ling Quality During Production, 
Z1.3 — 1942. 


As an illustration of the method 
of using Table 1 suppose that 
6 = .025” and we wish to deter- 
mine control limits for samples of 
10 so that 998 out of 1,000 sample 
standard deviations should fall in- 
side the control limits, 1 out of 
1,000 falling outside the limits on 
each side. Entering Table 1 at 
N 10, we find for the lower 


.001 point a value of s/o 339, 
and for the upper .001 point a 
value of s/o 1.670. The con- 


trol limits therefore are 
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Upper: s—1.6700==- 1.670 X .025” 
.042"; 

Lower: s 3396 .339 X .025” 
= .008”. 

Other uses of this table are ap- 
parent. It can be used to test 
whether the. output of a new meth- 
od of production is more uni- 
form than standard. If the qual- 
ity of a bad lot is defined in 


terms of uniformity, one can de- 
termine the standard deviation of 
a sample of size N such that if all 
lots of that standard deviation or 
less are accepted, not more than a 
specified proportion of bad lots 
will be accepted. Or, if an accept- 
ance value for the standard devi- 
ation is specified, the sample size 
necessary to provide the desired 
assurance against accepting a bad 
lot can be ascertained. Still an- 
other use is the determination of 
the fiducial or confidence limits of 
o for a given sample value s. 
The computation of these limits is 
somewhat simplified, however, by 
the use of Table 2, which can be 
derived directly from Table 1 by 
recording the reciprocals of the 
numbers in each pair of columns 
with columns of numbers reversed. 
A similar table for the .90 and .98 
limits only and for N ranging from 
5 to 30 appears in E. S. Pearson, 
The Application of Statistical Meth- 
ods to Industrial Standardization 
and Quality Control, p. 69. Lon- 
don: British Standards Institution, 
1935. 


Suppose that s— 15 pounds, 
N = 25, and the .99 fiducial lim- 
its of o are desired. Entering Table 
2 at N =— 25, we find for the lower 
limit a value of o/s .741 and 
for the upper limit a value of o/s 


1.590. The .99 fiducial limits 
then are ' 

Upper: o=—=1.590s—1.590 X 15 

pounds = 23.85 pounds; 

Lower: 5 74ls 741 X15 

pounds==11.12 pounds. 


Referring to the upper and lower 
.005 points of Table 1 when N 25, 


these limits may be computed in the 

following manner. 

Upper fiducial limit: s/q=15/6 
.629. o 15/.629 23.85 

pounds. 

Lower fiducial limit: s/q=15/oa 
1.350. o 15/1.350 11,11 

pounds, 


This does not mean that the prob- 
ability is .99 that o is between 
11.11 and 23.85 pounds. But if 
.99 fiducial limits are stated for a 


very large number of random 
samples taken from one or several 
populations, the stated limits 


(which of course would vary from 
sample to sample) will enclose the 
population value about 99 times in 
100. About once in 200 times o 
will be larger than the upper fidu- 
cial limit, and about once in 200 
times it will be smaller than the 
lower fiducial limit. 


The accompanying tables were 
derived largely from Catherine M. 
Thompson, “Table of Percentage 
Points of the yY* Distribution,” 
Biometrika, Vol. 32, Pt. 2, pp. 187ff. 
The relationship for Table 1 is 
s*/o* 77/N whereN =n + 1 
and n means number of degrees of 
freedom. Values for the upper .001 
point were similarly derived from 
R. A. Fisher and F. Yates, Statistic- 
al Tables for Biological, Agricultur- 
al and Medical Research, Table IV, 
p. 27. London: Oliver and Boyd, 
1938. Values for the lower .001 
point were computed from values 
of F at the upper .001 point with 
n; =— co shown in F. E. Croxton 
and D. J. Cowden, Applied General 
Statistics, p. 878. New York: 
Prentice-Hall, 1939. By inverting 


; 
the F ratio we obtain o” /o” for the 
lower .001 
the estimated population variance, 


and n/N - Table 
2 (page 21) VN/y? 
values which were not obtained 
by taking the reciprocals of 
the VZ.~/N values of Table 1, but 
were computed from the same 
basic tables mentioned above. The 
upper and lower Vv 77/N values of 
Table 1 give the lower and upper 
VN/X * values of Table 2. For ex- 
ample, the lower and upper .998 
fiducial limits for o are re- 
spectively the reciprocals of the 
upper and lower .001 points for s. 


That is, one divided by .430 


(Table 2) equals 2.327 (Table 1) 
Similarly, one divided by .800 (P 


points, where ‘et te 


Oo", oc" — s*, o*. 





shows 


.90 lower, N 16, Table 2) equals 
1.250 (P .05 upper, N 16, 
Table 1). And conversely, one di- 


vided by .800 (P 10 lower, N 
27, Table 1) equals 1.250 (P 
.80 upper, N 27, Table 2). 
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The Difference Control Chart with an 
Example of its Use 


MAJOR FRANK E. GRUBBS 


BALLISTIC RESEARCH LABORATORY, ABERDEEN PROVING GROUND, MARYLAND 


The efficiency of the control 
chart in detecting assignable 
causes of variation depends mark- 
edly upon its adaptation to the par- 
ticular practical problem at hand. 
A decision as to the variables to 
be charted and the types of con- 
trol charts to be kept should be de- 
termined only after a careful ex- 
amination of all factors which 
contribute to the technique being 
employed. This leads to an im- 
portant question. 

Just what is a control chart? 
The author has heard many en- 
lightening answers to this question, 
varying from the practical view- 
point to the purely theoretical def- 
inition. Of all the answers, how- 
ever, one that deserves some re- 
flection is: “The control chart is a 
technique for comparing observed 
external variation with an estimate 
of this quantity which is based 
on internal variance.” That is 
to say, the average variation is 
determined within samples which 
are selected randomly from ratior- 
al categories and the variation to 
be expected among sample means 
is estimated had all the samples 
been produced under a constant 
cause system, the observed varia- 
tion among sample means being 
compared with this estimate. This 
principle can be applied either on 
the assumption that the measure- 
ments are free of error Gr steps 
can be taken to insure reproduci- 
bility of the measuring technique. 
In a large number of problems, re- 
producibility and accuracy of mea- 
surements is easily accomplished 
or at least errors in measurement 
are small compared to the magni- 
tude of the variations being mea- 
sured. 

In the present discussion a case 
will be presented in which syste- 
matic variations in measurements 
may be several times the order of 
magnitude of the variations in 
quality being measured. More- 
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over, in the example presented 
strict reproducibility of measure- 
ments against a standard is costly, 
time-consuming and interferes 
with production schedules. In such 
instances, a special type of control 
chart known as the difference chart 
(to be defined later) may prove of 
considerable value in judging 
quality. Although the situation to 
be discussed is in the field of bal- 
listics, it is believed that similar 
conditions exist in other fields and 
it is with this thought the problem 
is presented for general consider- 
ation. 

In proving-ground tests of am- 
munition, velocity is determined by 
finding the time required for the 
projectile to traverse a measured 
distance between two “screens” 
placed at appropriate distances in 
front of the gun. A correction ap- 
plied to the average velocity over 
the screen interval so obtained 
gives the velocity at the gun muz- 


zle or “muzzle velocity.” The 
range is defined as the horizontal 
distance a projectile travels. (In 


order to avoid confusion with the 
range, the term “maximum disper- 
sion” will be used to designate the 
difference between the largest and 
smallest observations in a sample). 


A firing table gives the range, 
i. e. the horizontal distance from 
gun muzzle the projectile should 
travel, for a given elevation of gun, 
standard meteorological conditions 
and prescribed muzzle velocity. In 
the ballistic acceptance test of pro- 
jectiles, there are two important 
characteristics which must be 
measured in order to maintain uni- 
formity in range. One is the level 
of muzzle velocity of projectiles 
and this depends markedly upon 
the tightness and diameter of the 
rotating band. For constant ro- 
tating band diameter, a loose band 
will cause a lower velocity than a 
tight one for a given powder 
charge. Since powder charge is 


determined by matching various 
lots of powder against a standard 
lot, it is important that for a fixed 
powder charge the velocity level 
of projectile lots from the same 
manufacturer (and also from dif- 
ferent manufacturers) be main- 
tained at a desirable level. 

The other characteristic which 
must be measured is the “exterior 
ballistic’ effect of the projectiles. 
That is, the distance the projectile 
will travel under given conditions 
of muzzle velocity, gun elevation 
and metro depends on the surface 
finish and dimensions of the pro- 
jectile. In particular, a rough- 
surfaced projectile will give a 
shorter range than a smooth-sur- 
faced one when both have the 
same dimensions and are fired at 
the same velocity. Thus, the im- 
portance of maintaining uniformity 
in both the tightness of rotating 
band and in the smoothness of 
surface finish of projectiles is ap- 
parent for accuracy in firing. 


Figure 1 depicts a control chart 
on average muzzle velocity (10 
round groups) and maximum dis- 
persion in muzzle velocity for con- 
secutive projectile lots of a single 
manufacture. The terms average 
“test” velocity and “test” velocity 
maximum dispersion are used 
since the manufacturer's product is 
under examination. 

Figure 2 is similar to Figure 1 ex- 
cept that the observed range, 
rather than muzzle velocity, is the 
characteristic plotted. Control lim- 


its (+ 75-9 for averages and 
.005 limits for maximum disper- 
sion) are placed on the charts to 
indicate the relative amount of 
scatter. 


All projectiles on which these 
charts are based were fired in a 
singie gun with the same charge of 
standard powder, but generblly 
speaking only one lot (10 round 
sample) was fired on a day. The 


INDUSTRIAL QUALITY CONTROL 








Test vevocrry 


vececnenKxeceveennnr ney eH rrr ee ew Of Oe ee or me @ 


problem is to determine whether 
or not the consecutive lots are alike 
in ballistic performance. 

It is noted that the charts on test 
velocity maximum dispersion (Fig- 
ure 1) and test range maximum 
dispersion (Figure 2) exhibit excel- 
lent control indicating comparable 
dispersion within lots. On the 
other hand, the charts on average 
test velocity (Figure 1) and aver- 
age test range (Figure 2) exhibit a 
pronounced state of lack of con- 
trol. Insofar as the chart on gver- 
age test range is concerned, one 
would naturally expect this even 
for identical projectiles because 
meteorological conditions change 
from day to day, thus producing a 
definite effect on the “exterior bal- 
listics” of the projectiles. 

The chart on average test veloc- 
ity exhibits lack of control either 
because of variations in quality of 
the presented product or because 
of what appears to be pure errors 
of measurement in velocity. As a 
matter of fact, in many instances 
proving ground tests show varia- 
tions in calculated velocity level 
from day to day when firing from 
a single ammunition lot because of 
several reasons. The “screens” 
are not usually fixed because it 
to dismantle 


becomes necessary 
them from time to time in or- 
der to accommodate the vari- 


ety of tests that have to be per- 
formed. Also, the gun may be 
used for several different types of 
test, various crews may be used for 
manning the gun, setting up the 
screens and measuring distances, 
taking velocity measurements, etc. 
Moreover, the “condition” of the 
gun bore varies due to the deposit- 
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FIG. 1 


ing of copper from rotating bands, 
heating of the tube and in some 
cases it may even be necessary 
over a period of time to change 
guns occasionally in ballistic ac- 
ceptance tests of projectile lots. 
Suffice it to say that in the field of 
ballistics extreme care must be ex- 
ercised to insure reproducibility of 
measurements. The main point, 
nevertheless, is whether or not it 
is economical to go to the trouble 
of accounting for and eliminating 
each and every variation in meas- 
uring technique. 


The Ordnance Department 
handles this problem in a simple, 
practical and efficient manner. It 
has long been recognized by bal- 
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listicians that firing samples from 
a reference lot day after day in 
conjunction with test programs is 
worthwhile. The reference lot, 
which is chosen because of its 
homogeneity and desirable ballis- 
tic properties, serves as a standard 
of comparison and brine out vari- 
ations, if present, in level of the 
measuring appeoratus from day to 
day. 

In the present problem, the ref- 
erence projectiles (10 round sam- 
ples) are fired alternately with test 
projectiles (using the same powder 
lot and powder charge) and 
velocity and range are measured 
on each round. Also, both test and 
reference rounds are conditioned 
to a temperature of 70°F prior to 
firing. Figure 3 depicts control 
charts on firings from the reference 
lot in conjunction with the various 
test lots (notice test lot m- pers at 
the bottom of Figure 3). Occasion- 
ally, a test lot number appears and 
no reference firing is indicated. 
This is due to the fact that two test 
lots may be fired against a single 
reference sample on one particular 
day. The chart on average refer- 
ence range is not shown since lack 
of control is to be expected here 
and Figure 2B depicts the compar 
able situation. From Figure 3 it 
can be seen that the charts on 
reference velocity maximum dis 
persion and reference range maxi 
mum dispersion indicate good con 
trol. One point is above the con- 
trol limit for the chart on reference 
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range maximum dispersion the 
reason for this has not been de 
termined unless it is possibly a sam 
pling error 


The chart Figure 3 on average 
reference velocity shows lack of 
control, indicating variations in the 
measuring technique’ (on the as- 
sumption that the cause system of 
variability of reference lot is con- 
stant). It may have been possible 
to track down the cause for each 
point falling out of control at the 
time of the firing and precisely this 
was done in some instances during 
the initial stages of acceptance 
testing Unfortunately, however, 
it usually takes hours to find the 
cause of each point outside control 
limits and in addition it is impera- 
tive that production schedules be 
maintained, especially during war- 
time. Moreover, a decision must 
be given immediately in most in 
stances either to permit loading or 
not to permit loading of a particu- 
lar projectile lot. Fortunately, it is 
not necessary to maintain strict 
control since a special type of con- 
trol chart can be used to advan- 
tage in comuection with test and 
reference firings. 


In Figure 4, three “difference 
control charts” are given. Each 
point on chart A represents the dif- 
ference in average velocities (10 
round groups) of the test and ref- 


1As a matter of fact, the variance in level 
of the measuring eystem from day to day 
is nearly four times as large as the random 
sampling variance of the average of a 10 


round reference group (Figures 3A and 3B) 
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erence rounds fired alternately on 
the same day. It is noted that for 
the consecutive test lots (each con- 
taining about 20,000 projectiles) 
we have unusually good control 
for differences in average muzzle 
velocity (indicating uniformity in 
tightness of rotating band for test 
lots). The limits for chart A are 
placed about the average differ- 
ence in velocity at 
aE 
; 7 / Me + 

where %v, is the estimated 
internal variance in muzzle veloci- 
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ty for test lots and Ty, is a 
like quantity for the reference 
rounds. 


hart B gives the difference in 
average ranges for test samples 
and reference firings. It is worth 
while to point out here that al- 
though there is lack of control in 
reference velocities and also varia- 
tions in meteorological conditions, 
the acceptability of the test pro- 
jectile lots for service can be 
judged. Control limits for chart 
B are placed at 


z ? 
= Jo / “te 2 
2 . . . 
where “% _ is the estimated in- 
ternal variance in range for test 
lotsand is the like quantity 
for reference rounds. 





Chart C, Figure 4, represents the 
surface effect (exterior ballistic ef- 
fect) of test lots as compared to the 
reference lot. Each point on this 
chart is obtained in the following 
manner. The observed average 
range for each set of 10 test rounds 
is adjusted to a standard muzzle 
velocity of 1020 f/s. (1 f/s here 
represents about 9.9 yds. in range). 
The same is done for the 10 refer- 
ence rounds fired with the test 
rounds. Thus, the difference be- 
tween the adjusted average range 
of test rounds and the adjusted 
average range of reference rounds 
represents the difference in exterior 
ballistic properties — specifically, 
differences in surface finish — be- 
tween test and reference rounds. 
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Control limits for the surface chart 
are placed at 


Fan @ 2 \ a my ?y 

t ae (On. + me) -b (Sn + Se ) 
where the variances are defined 
above and b is the change in range 
for 1 f s change in muzzle velocity. 
Actually, the significance of the 
quantity under the radical sign is 
that the variance in range is the 
sum of two components: (1) the 
variance in range caused by dis- 
persion in muzzle velocity and (2) 
the variance in range attributed to 
variation in surface finish of the 
projectiles. 

Test lot No. 65 which is out of 
control on difference in average 
velocity was reinspected for tight- 
ness of rotating band. All the 





other lots constitute a grand lot 
with respect to both the tightness of 
rotating band and surface finish. 
Hence, all of these projectile lots 
exhib’t similarity in ballistic be- 
havicr and could be loaded into a 
single uniform ammunition lot. 

The difference control chart has 
been used advantageously in an 
extreme type of case in which lots 
of the same manufacturer were 
not only tested in different guns 
but also at different proving 
grounds. 

Of course, limits other than 3- 
sigma could be used on difference 
charts, depending on the particular 
circumstance. Another point of in- 
terest is that for the control charts 
shown there appears to be various 


cyclic trends; however, analysis of 
such trends is beyond the scope of 
this paper. 

In conclusion, a simple but prac- 
tical control chart technique has 
been presented for judging varia- 
tions in quality for instances where 
it may not be economical to 
eliminate the cause of each and 
every change in level of the meas- 
uring apparatus. 

The success of the difference con- 
trol chart within the Ordnance De- 
partment is due largely to Colonel 
Leslie E. Simon, Director, Ballistic 
Research Laboratory, who recom- 
mended its application to the 
problem of manufacturing large 
and uniform lots of ammunition. 


First Annual Forum, Michigan Section, 


Held in Detroit 


REPORTED BY 


CLARENCE KOOISTRA, HOOVER BALL AND BEARING COMPANY 


The Michigan Section, American 
Society for Quality Control, ven- 
tured into a new field on Friday, 
June 7, when it sponsored an all- 
day Forum at the Book Cadillac 
Hotel in Detroit. 

The attendance indicated oa 
growing interest in matters of 
Quality Control in this area, and 
the program, broad in scope, sup- 
plied those attending with ma- 
terial worthy of consideration and 
retention. Leaders in their respec- 
tive fields, gleaned from all over 
the eastern half of the United 
States, made this aim a definite 
possibility. That this was accom- 
plished, was attested to by various 
persons interrogated by your re- 
porter. 

The program included morning 
forums of an introductory or a gen- 
eral nature, a noon luncheon and 
talk, afternoon forums on special 
topics and problems; and an eve- 
ning dinner followed by another 
interesting talk. 

Open time was spent at the vari- 
ous tool and gage exhibits and in 
the refreshment room where many 
a lively informal discussion was 
held and numerous problems were 
mutually solved. 

The morning's Forum 
included the following: 


schedule 
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SUBJECT: Theory X and R Charts; 


Chairman: Dr. Albert J. Swanson, 
General Motors Institute, Flint, 
Michigan. 


The theory and use of average 
and range charts, as an aid in pro- 
duction control, were discussed. 
The advantages and benefits of 
their use was indicated, especially 
so where quantitative measure- 
ments can be taken. Time was al- 
lowed for the raising of problems 
and their solution. 


SUBJECT: Theory of p Charts; 
Chairman: Professor C. C. Craig, 
University of Michigan, Ann Arbor, 
Michigan. 

An explanation of the use of 
“p” charts and their application to 
controlled quality and receiving 
inspection was given. It was shown 
how these charts were especially 
applicable where attributes rather 
than measures must be resorted to. 


Here, too, time was allowed for 
questions and discussions. 
SUBJECT: Theory of Sequential 
Analysis; 

Chairman Professor William D 


Baten, Michigan State College, East 
Lansing, Michigan 

Prof. Baten first indicated how a 
probability ratio led to two parallel 
lines on which sequential sampling 


plans rest. It was shown that these 
parallel lines were obtained when 
pi, the acceptable quality limit for 
the lot; p., the unacceptable qual- 
ity limit for the lot; « the maximum 
risk or probability of rejecting lots 
of quality p;, or better; and fj, the 
maximum risk or probability of ac- 
cepting lots of quality p», or worse, 
were known. It was also shown 
that the slopes and dependent 
axis intercepts of these lines were 
determined solely from these four 
quantities. The nature of the se- 
quential sampling plan was shown 
to depend, to a large extent, upon 
the difference between p,; and p 

Average numbers for acceptance 
and rejection were given for vari- 


ous values of p. when p,;, « and 
(5 were held constant. Several 
pairs of parallel lines were ex- 


hibited for different values of the 
above four quantities. Compari- 
sons were made between double 
sampling plans and sequential 
sampling plans. Homograms were 
explained for securing the slopes 
and dependent axis intercepts of 
the parallel lines. Suggestions 
were offered for determining ap- 
propriate values for p;, py, a and 
() for certain uses. A lively dis- 
cussion pertaining to lot sizes fol- 
lowed 
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The noonday luncheon afforded 
the chairman of the day, Mr. 
Walter Oliver, an opportunity of 
extending to the guests a word of 
welcome. A few remarks by the 
chairman of the noon luncheon, 
Major M. W. Blackwood, followed. 
He in turn introduced the feature 
speaker of the noon session, Mr. 
Frederick J. Halton, Deere and 
Company, Chicago, Illinois, who 
explained, “How to Introduce 
Quality Control to Top Manage- 
ment.” 

Mr. Halton got to his task in 
short order, showing first the 
necessity of getting top manage- 
ment interested in Quality Control. 
Even though Quality Control can 
function well, if started at the bot- 
tom of the executive ladder, it can 
function better if top management 
is vitally interested in its use. Only 
then can the program be properly 
coordinated and fitted into the 
over-all plant picture. With top 
management interested,it becomes 
possible not only to recognize and 
have knowledge of “voriances” 
present but, even more important 
in @ production line, it makes pos- 
sible the vital factor for correction, 
namely, ACTION. 

How top management at Deere 
and Company was introduced to 
Quality Control was then explain- 
ed. This part of the address has 
been proviously briefed. Consult 
Page 10 of the May issue of IN- 
DUSTRIAL QUALITY CONTROL for 
this. 

The afternoon program compris- 

ing fourteen sessions was divided 
into two groups, of seven each, 
which were run concurrently. This 
allowed guests to attend the two 
forums, most suitable to their re- 
quirements, during the afternoon. 
These forums included the follow- 
ing: 
1) SUBJECT: Sequential Analysis; 
Chairman: A. R. Jackson, Con- 
sultant, Palumbo and Jackson, 
Chicago, Illinois. 

Most of the information covered 
in this forum has been proviously 
reviewed in INDUSTRIAL QUALITY 
CONTROL. This material, worthy 
of reference, can be found in the 
March issue, Pages 15 through 17 
and the May issue, Page 25. 

2) SUBJECT: Quality Control Meth- 
ods for Short Runs and Job Shop 
Lots; 

Chairman: Carl G. Schmid, Lucas- 
Harold Corporation, Indianapolis, 
Indiana. 
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Quality Control methods for 
short runs and job shop lots differ 
from those for production runs be- 
cause the chances of effecting re- 
markable improvement in quality, 
which will result in tremendous 
savings, are much reduced, thus 
dictating economy in application. 
Furthermore, drastic modification 
of standard techniques may be in- 
dicated. The aim should be in the 
direction of improvement of the 
general level of quality rather than 
concentration on specific opera- 
tions. 


The basic requirement is the sys- 
tematic gathering and dissemi- 
nation of rejection data. This ir- 
cludes the whole field of statistical 
reporting. To be effective the re- 
sults must be portrayed to man- 
agement at all levels in the form 
of charts and reports which will 
compel action. 


Coupled with the gathering of 
data should be the investigation of 
causes of rejections made by ca- 
pable quality control engineers. 
The investigations should result in 
recommendations aimed at im- 
provement of quality level and 
may include suggestions for 
changes in design, materials, 
finishes, methods of processing, 
assembly, etc. 


A satisfactory quality control 
system can be based upon the two 
basic requirements given above. 
The new techniques based on the 
probability concept offer fine tools 
for further improvement of quality. 
The use of p charts develops 
naturally from the data gathered. 
As a further refinement on difficult 


jobs, X charts offer great possi- 
bilities when stream’ cred to make 
them economically ; tifiable on 
short runs. One method of accom- 
plishing this is to establish control 
limits before starting a run, elimi- 
nate range charts, plot case values 
on chart, and visually estimate 
average instead of calculating it. 


3) SUBJECT: Application of Frac- 
tion Defective Charts; 

Chairman: Keith E. Ross, General 
Electric Company, Fort Wayne, In- 
diana. 


(No report on this forum is per- 
mitted for publication.) 


4) SUBJECT: Foundry Applications; 
Chairman: A. E. R. Westman, On- 
tario Research Foundation, Toronto, 
Canada. 


The May issue of INDUSTRIAL 
QUALITY CONTROL covers the ma- 
terial of this forum more complete- 
ly than space here permits report- 
ing. See pages 12-16. 


5) SUBJECT: Inspection Plans for 
Continuous Production; 

Chairman: H. F. Dodge, Bell Tele- 
phone Laboratories, New York, 
New York. 


Material covered in this forum is 
not open for publication at this 
time. 


6) SUBJECT: Training Personnel in 
Statistical Quality Control; 
Chairman: R. E. Wareham, National 
Photocolor Corporation, New York, 
New York. 


The importance of having train- 
ed personnel was indicated. Qual- 
ity Control is an excellent tool for 
use in production, but, as with 
other tools, knowledge on how to 
use it is imperative. 

Some possible steps in the train- 
ing of personnel were then out- 
lined and the floor was opened to 
discussion. 


7) SUBJECT: Air Gaging in Quality 
Control; 

Chairman: F. W. Blanchette, Moore 
Products Company, Philadelphia, 
Pennsylvania. 


The “Air Gage” forms a valu- 
able tool in the Quality Control 
field. Typical applications of this 
can be found in cases of fits and 
clearances. In most cases, the air 
gage replaces “go” and “not-go” 
gages, giving the advantages of a 
quantitative measure instead of an 
attribute judgment. It eliminates 
wear as a source of error and it 
reduces considerably the prob- 
ability of matching extremes. This 
becomes possible since the air 
gage, as used on the machine, 
allows the operator to “explore” 
his work as to size and other con- 
ditions. Examples were cited giv- 
ing witness both to the accuracy of 
the above statements and to the 
economic soundness of this method 
of gaging. 

8) SUBJECT: Methods Applicable 
to High Production; 

Chairman: Russell C. Trombly, 
Hoover Ball and Bearing Company, 
Ann Harbor, Michigan. 


The following method has been 
used very successfully at the 
Hoover Company and it seems 
broad enough for general applica- 
tion. 
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Blank control charts for X and 
R were printed and mounted in 
glass covered cases on the ma- 
chines. Regular samples of any 
predetermined number of pieces 
are drawn at random from the ma- 
chine’s production. Variable gages 
are used in checking the material 
and the results of these checks are 
plotted on the graphs. A “Stand- 
ard Procedure” or routine is set up 
for the checker. This deals with 
his taking of the material and his 
actions on finding work “Out of 
Control.” Data thus collected are 
analyzed by the Quality Control 
Department and action is taken by 
the individuals or departments re- 
sponsible. Follow ups also form an 
important part of the routine. 


9) SUBJECT: Receiving Inspection; 
Chairman: Martin A. Brumbaugh, 
University of Buffalo, Buffalo, New 
York. 


The threefold objective of re- 
ceiving inspection is: quality pro- 
tection, even flow of materials to 
fabrication and assembly, mini- 
mum cost of a “non-productive” 
department. The key to all three 
functions is sampling of large lots 
of incoming material. Many “sim- 
ple” sampling plans were devised 
in receiving departments during 
the war, e.g., take a 5% sample, 
take a 10% sample, take a 25% 
sample, take a first sample of 300 
and, if needed a second sample of 
150, etc. Usually these plans pro- 
vide for acceptance of the lot, if no 
defectives are found in the sample. 
Such plans are simple to operate, 
but they do not sort good quality 
lots from poor quality lots, the pro- 
tection offered to both purchaser 
and vendor varies with lot size, 
and large lots will nearly always 
be rejected. 


The operating principle in re- 
ceiving inspection should be fixed 
protection to the purchaser against 
acceptance of poor quality ma- 
terial, and simultaneously fixed 
protection to the vendor against 
rejection of good quality material. 
This can be accomplished through 
the use of any one or a combina- 
tion of three available acceptance 
plans: The Army Ordnance Plan, 
The Dodge-Romig Plan, or The Se- 
quential Sampling Plan. 


10) SUBJECT: Tool Wear; 
Chairman: Paul Peach, North Caro- 
lina State College, Raleigh, North 
Carolina. 
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Reviewed in May issue of 
INDUSTRIAL QUALITY CONTROL, 
Page 23. 


11) SUBJECT: Quality Control in 
the Chemical Industry; 

Chairman: Charles A. Bicking, Her- 
cules Powder Company, Wilming- 
ton, Delaware. 


Reviewed in May issue of 
INDUSTRIAL QUALITY CONTROL, 
Page 24. 

12) SUBJECT: Sub-Assembly In- 
spection; 


Chairman: Halsey H. Kent, Eastman 
Kodak Company, Rochester, New 
York. 


Ideal conditions for use of Sub- 
Assembly Inspection are obtained 
when Quality Control becomes re- 
sponsible only to management. 
This eliminates problems of juris- 
diction and action. Trained and 
diplomatic personnel is another 
prerequisite for successful opera- 
tion. 

By use of Sub-Assembly Inspec- 
tion, focal points of trouble can be 
better eliminated. At this point 
engineering or the responsible de- 
partment act to eliminate the 
cause. 

Final results will then show that: 
final inspection can be reduced; 
assembly repair costs can be re- 
duced; improved efforts by pro- 
duction will be noted; less depart- 
mental scrap will be made; inspec- 
tion repairs can be reduced; and 
improved attitudes will be noted. 


13) SUBJECT: 
Radio Industry; 
Chairman: A. J. Winterhalter, Co- 
lonial Radio Corporation, Buffalo, 
New York. 

Not available at time of going 
to press. 
14) SUBJECT: Keeping Up to Date 
in the Gaging Field; 
Chairman: R. E. Lilleberg, Sheffield 
Corporation, Dayton, Ohio. 


Quality Control in 


Essentially, this forum was re- 
ported on Page 23 of the May issue 
of INDUSTRIAL QUALITY CONTROL. 


The day’s events came to a close 
with a Dinner Meeting in the ball- 
room. Dr. Brumbaugh, as chair- 
man of the evening, brought home 
a pertinent fact when he said that 
Quality Control is like a disease in 
that it gets under your skin and 
spreads. He reported queries com- 
ing in from South Africa, Rio de 
Janeiro, and numerous other parts 


of the world. The presence of Dr. 
Kil Von Scheuvle of Sweden at the 
speakers table was more proof of 
this fact. 


The program was then turned 
over to Dr. J. M. Juran of New York 
University, who had a vital mesage 
for the group. His subject, “Quality 
Control A Management Tool,” 
was very well put. 


Dr. Juran pointed out that in- 
dustry still has many sizeable 
problems ahead of it. These prob- 
lems—such as getting out produc- 
tion schedules, improving the prod- 
uct, and reduction of the cost of 
manufacture—require all the tools 
at management's disposal. Like 
cost control, production § control, 
and other sundry management 
tools, quality control has its place 
in the tool kit. It is up to the Qual 
ity Control Engineers to place it 
there. 


To do this, it must be remember- 
ed that management is concerned 
primarily with results and not with 
the means used. Quality control 
groups and individuals are con- 
fronted with the problem of getting 
management to recognize the 
rightful place of quality control in 
the tool kit. Just as has been the 
case with some of the other tools, 
this may prove to be something of 
a problem, because application of 
quality control methods usually 
brings quick improvement and it is 
credit for the 


difficult to claim 
faulty operation thus corrected. 
However, where quality control 


can be demonstrated as a means 
to an end, it will be accepted by 
management. 


Certain faults must be corrected 
before its rightful place can be at- 
tained. Thus far too much emphasis 
has been placed on techniques and 
their refinements rather than on 
the use of a pragmatic approach 
Then, too, many have gone into in- 
dustry with but very little indus- 
trial experience and floundered as 
a result. Also, there is a deficiency 
of really trained experts and con- 
sultants in the field. Finally, the 
quality control engineers must 
have a background of management 
and its problems before being 
ready to provide the answers. 
With these faults corrected and the 
programs expanded, the doors are 
wide open for its general recog- 
nition in the management tool 
chest in the not too distant future 
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SOCIETY REPORTS 


CHICAGO SOCIETY FOR QUALITY 
CONTROL 

“Training Plant Personnel in 
Quality Control” was discussed at 
the Chicago Society's June meeting 
by Mr. Henry Becker who is cur- 
rently engaged in teaching quality 
control methods to the personnel 
of the American Steel and Wire 
Company's Waukegan plant. Mr. 
Becker stressed the necessity of 
using a practical, shop approach 
to the problem of teaching indus- 
trial = statistics and presented 
various mechanical devices which 
may be used to demonstrate the 
statistical nature of quality vari- 
ations. 

Through its program chairman, 
Mr. C. W. Richards, the Society has 
announced the completion of plans 
for a series of lectures on “Statis- 
tical Methods for Quality Control 
Engineers.” These lectures, which 
will be held in addition to the So- 
ciety’s regular monthly meetings, 
are designed to serve as a refresh- 
er course for persons who have 
taken one of the War Production 
Boord’s training courses in quality 
control, or as an_ introductory 
course for those who have not had 
previous formal training in quality 
control statistics. Classes will be 
held on the evening of the third 
Wednesday of each month, begin- 
ning September 18. Teaching ser- 
vices will be donated by officers 
and members of the Chicago So- 
ciety. This series is offered, with- 
out charge, to members and non- 
members alike who may attend as 
many of the lectures as they wish. 

The ten lectures will deal with 
the following topics: 

1. September 18: Fundamentals 
of Statistical Analysis, Meas- 
vrement of dispersion and 
central tendencies. 

2. October 16: Frequency curves, 
accuracy of measurement, 
methods of collecting data. 

3. November 20: Explanation 
and construction of X and R 
charts. 

4. December 18: Explanation 
and construction of p charts. 

5. January 15: Explanation ond 
construction of ¢ charts, tool 
wear control charts, job shop 
control charts, and gridless 
charts. 


28 


6. February 19: Analysis of vari- 
ance and chi-square technique 
and their application to in- 
dustrial problems. 

7. March 19: Correlation and its 
use in statistical quality control 
and the statistico! determina- 
tion of tolerances. 

8. April 16: Probability theory 
and its application to methods 
of sampling. 

9. May 21: Use of Sampling 
Tables. 

10. June 21: Sequential analysis. 


SOCIETY FOR QUALITY CONTROL 
STATE UNIVERSITY OF IOWA 


GROUP 
The Barber-Colman Company of 
Rockford, Illinois, was host to the 


Society for Quality Control—State 
University of lowa Group on May 
24-25, 1946. Mr. B. F. Collins, 
Works Manager, and Mr. R. W. 
Hanna, Assistant Chief Inspector, 
demonstrated a few products of the 
company and discussed briefly the 
manufacture of some of them. 


Interesting papers on the follow- 
ing subjects were presented: “Ap- 
plication of Statistical Quality Con- 
trol to Plow Implement Manufac- 
ture,” Mr. H. |. Martin, John Deere 
Plow Works, Moline, Illinois; “Ex- 
planation of Moving Range in Con- 
trol Chart Technique,” Professor 
Lloyd A. Knowler, State University 
of lowa, lowa City, lowa; “Some 
Applications of Quality Control to 
the Hybrid Corn Industry,” Mr. Del- 
mar E. Henderson, Production Re- 
search Assistant and Mr. Simon 
Casady, Statistician, Pioneer Hi 
Bred Corn Company, Des Moines, 
lowa; and “Use of Correlation in 
Quality Control,” Miss Nancy Brun- 
er, Statistician, Western Auto Sup- 
ply Company, Kansas City, Mis- 
souri. Mr. Wayne M. Biklen, Qual- 
ity Control Engineer, Sheaffer Pen 
Company, Fort Madison, lowa, was 
Program Chairman. Mr. E. L. Fay, 
Chief Inspector, John Deere Trac- 
tor Company, Waterloo, lowa, and 
president of the society, introduced 
the speakers and presided at the 
discussion periods. 

Mr. James M. Ballowe, Manager 
of Inspection, Alden’s, Inc., Chicago, 
Illinois, reported on the success of 
the Mid-West Quality Control Con- 
ference sponsored by the Chicago, 





Illinois, Northwestern, Indiana, and 


lowa Societies. Professor Knowler 
reported on the formation of the 
American Society for Quality Con- 
trol. 

The meeting was concluded by 
an interesting and very instructive 
trip through the Barber-Colman 
plant under the guidance of Mr. 
Hanna, and Mr. Ernest E. Hintz, Di- 
rector of Training. 


BOSTON SOCIETY FOR QUALITY 
CONTROL 

The annual meeting of the So- 
ciety was held June 6 at the Boston 
City Club. At the business session 
all of the present officers were re- 
elected for the coming year. Plans 
are afoot for a New England Qual- 
ity Control Conference next Novem- 
ber. A planning committee has 
been set up with Mr. G. J. Meyers, 
Jr., of Manning, Maxwell and 
Moore as Chairman. 

Following the business session, 
Mr. F. J. Healy, Vice-President, 
Sylvania Electric Products, spoke on 
“What Management Gains from 
Quality Control.” He stated plainly 
that management decisions in his 
company are made on the basis of 
qu ty control reports and thot 
mu..agement is delaying long 
range decisions in other areas until 
newly installed quality control op- 
erators have had an opportunity to 
function. 

Mr. George D. Edwards, Presi- 
dent, American Society for Quality 
Control, presented the current sta- 
tus and future plans of the Amer- 
ican Society. His talk, which was 
very well received, showed the 
great amount of steady and careful 
consideration being given to this 
activity. 


THE DELAWARE QUALITY CONTROL 
SOCIETY 

The Delaware Quality Control 
Society, at its last meeting of the 
season on May 6, elected the fol- 
lowing officers for 1946-47: Chair- 
man, Howard S. Clark; Vice-Chair- 
man, William H. Markwood, Jr.; 


Secretary-Treasurer, Dr. John’ R. 
Vincent; Program Committee, 
Charles A. Bicking; Membership 


Committee, Arthur R. Kalmbacher. 

At this same meeting Major Frank 
Grubbs, of the Ballistic Research 
Laboratory, Aberdeen Proving 
Grounds, discussed the develop- 
ment and use of “Difference Con- 
trol Charts.” [Editor's Note: The 
complete text of this paper appears 
on pages 22 to 25 of this issue.) 
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THE ATLANTA QUALITY CONTROL 
SOCIETY 

The Society met in Atlanta, 
Georgia, on May 24, 1946. During 
the business session, the following 
officers were elected: President, 
Cleveland L. Adams, Head, Process- 
ing Department, Research Division, 
West Point Manufacturing Com- 
pany, Shawmut, Alabama; Vice- 
President, John H. Reynolds, Celan- 
ese Corporation of America, Rome, 
Georgia; Secretary- Treasurer, Mary 
Jo Wesson, Research Division, West 
Point Manufacturing Company, 
Shawmut, Alabama; Authorized 
Representative to the American So- 
ciety for Quality Control, Dr. Ralph 
Hefner, Dean of Special Studies, 
Georgia Tech, Atlanta, Georgia; al- 
ternate, E. H. Turner, Wynne Pre- 
cision Company, Griffin, Georgia. 

All members affiliated them- 
selves with the National Organiza- 
tion. Dr. Ralph Hefner, represent- 
ative from the Atlanta group, gave 
a report on the founding of the 
American Society for Quality Con- 
trol. At the dinner session, Mr. 
Frank F. Groseclose, Head of the 
Industrial Engineering Department, 
Georgia School of Technology, gave 
a paper on “Why Management is 
Interested in Quality Control.” 


PHILADELPHIA SECTION, AMER- 
ICAN SOCIETY FOR QUALITY 
CONTROL 


At the regular May meeting, the 
Philadelphia Quality Control So- 
ciety adopted a new constitution 
and by-laws that would be _ in 
agreement with the new National 
Organization. Hereafter, we will 
be known as the Philadelphia 
Chapter, Americon Society for 
Quality Control. 

Election of officers for the new 
fiscal year brought the following: 
Chairman, |. S. Hoffer; Vice-Chair- 
man, F. R. Bailey; Secretary, E. M. 
Schrock; Treasurer, J. A. Jones; 
Representative to American Society 
for Quality Control, H. W. Poole; 
Editor, E. M. Schrock. 

Mr. J. A. Jones of Westinghouse 
Electric Corporation read a paper 
on “Application of the Control Chart 
Method to the Control of Quality.” 
This pointed out the advantages of 
Quality Control over other con- 
trol methods in the manufacture of 
small and large lots of varying 
sizes of turbine blades, and that, as 
is often the case, several operations 
could be controlled by controlling 
one particular operation. 


JULY, 1946 


Under the guidance of Professor 
|. S. Hoffer and his various com- 
mittees, we have just ended a suc- 
cessful year and look forward to a 
better one for 1946-47. We expect 
the growing Quality Control inter- 
est in this district to result in greater 
future activity and a larger mem- 


bership. 


OHIO QUALITY CONTROL SOCIETY 


The Ohio Quality Control Society 
does not intend to have meetings 
during the summer months. Our 
Executive Committee is meeting 
regularly throughout the summer, 
however, in an attempt to provide 
the best in the way of meetings dur- 
ing the following year. Mr. Wade 
R. Weaver, as Chairman of the Pro- 
gram Committee, is in the process 
of developing an interesting series 
of lectures for the ensuing meet- 
ings. 

Considerable emphasis is being 
placed on increasing the member- 
ship in the Ohio Quality Control So- 
ciety and Mr. C. H. Beresford has 
been appointed as Chairman of the 
Membership Committee. Mr. Wen- 
deli H. Abbott and Mr. D. K. Wright, 
Jr., will head up the Technical and 
Educational Committees, respect- 
ively. 


SOCIETY OF QUALITY CONTROL 
ENGINEERS OF SYRACUSE 


Two meetings of the Society, 
May 7 and June 4, were held at the 
Hotel Syracuse and Bristol Labora- 
tories respectively, and were de- 
voted to discussions of problems of 
control related to the manufacture 
of penicillin and other pharmaceu- 
ticals. Papers presented at both 
meetings were by members of the 
Bristol Laboratories staff. 

The May 7 program was as fol- 
lows: “Penicillin Manufacture,” 
Harry V. Zahm; “The Penicillin As- 
say,” George A. Hunt; “Quality 
Control as Applied to the Penicillin 
Assay,” Roland H. Noel. Discussion 
following these papers was chiefly 
concerned with methods of meas- 
urement of inhibition zones in the 
penicilln assay and the use of con- 
trol charts to demonstrate improve- 
ments in methods of assays 

The June 4 program consisted of 
dinner in the Bristol Laboratories 
cafeteria, followed by an inspection 
of the penicillin plant. The program 
which followed the tour was as fol- 
lows: “The Construction and Oper- 
ation of the Multiple-head Penicil- 
lin Filling Machine,” Charles Mon- 


roe; “Analytical Methods Used for 
Determining Uniformity of Penicil- 
lin Filling,” Richard Downing; “A- 
nalysis of Filling Data and Applica- 
tion of Control Charts to the Filling 
Operation,” Roland H. Noel. 

There has been little work done 
in the application of Statistical 
Qualty Control methods to the man- 
ufacture of pharmaceuticals, and 
the meetings and subsequent dis- 
cussions demonstrated that quality 
control principles may be applied 
to manufacture of pharmaceuticals 
and should prove to be just as 
valuable in penicillin manufacture 
as in other industries. 

As in other industries, Quality 
Control by statistical meihods can 
be applied to raw material accept- 
ance, process control, laboratory 
control and analysis of factory 
data. Pharmaceutical management 
will also come to use quality con- 
trol for, as in other businesses, it 
can be applied to records, reports 
and other management control de- 
vices. Of major importance is the 
application of statistical design 
and method of analysis in research 
and development. There is no 
doubt that such a tool will be just 
as important to the research work- 
er as is the complicated equipment 
with which he carries on his never- 
ending search for more effective 
drugs and chemicals. 


QUALITY CONTROL ENGINEERS OF 
ROCHESTER 


The final meeting until the fall 
season was held at the Rochester 
Chamber of Commerce on Tuesday, 
May 21, 1946. 


The first part of the meeting was 
devoted to the election of new Of- 
ficers and Directors for the year 
1946-47. Mr. D. C. Larmouth, 
Chairman of the Nominating Com- 
mittee, presented the following 
nominees for office: Officers: Pres- 
ident, H. H. Kent, Eastman Kodok 
Company, Camera Works; Vice 
President, J A. Tilton, Genera! 
Motors, Delco Appliance Division; 
Secretary and Treasurer, R. E. Go 
lemb, Stromberg-Carlson Company 
Directors: R. K. Dean, E. |. duPont, 
Defender Division; R. H. Eisenhart, 
Bousch & Lomb Optical Company; 
E. W. Moore, Ritter Company, Inc.; 
E. P. Mynott, General Motors, Ro 
chester Products; J. C. Nilsen, Tay- 
lor Instrument; Dr. G. T. Wernimont, 
Eastman Kodak Company, Kodak 
Park. 
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Motion was made and approved 
that the nominees be accepted and 
installed 


Mr. Alfred L. Davis, Treasurer of 
the American Society for Quality 
Control, the retiring President, was 
presented with an Honorary Life 
Membership to the Quality Control 
Engineers of Rochester in recogni- 
tion of the excellent job he had 
done in organizing the Quality 
Control Engineers of Rochester and 
the capable service rendered as a 
two term President of the organiza- 
tion 


The second half of the meeting 
was high lighted with a very in- 
teresting presentation by Dr. Grant 
T. Wernimont of Eastman Kodak 
Company, on “The Use of Control 
Charts in the Chemical Laboratory.” 
The usual question period followed 
the meeting in which 185 members 
participated. 


A considerabie amount of inter- 
est is shown in the sub-group meet- 
ings covering “Sampling” and 
“Gage Control.” On April 23, 
1946, approximately 40 members 
attended a meeting covering 
“Sampling in the Receiving and 
Automatic Screw Machine Areas,” 
which was very ably presented by 
Mr. Stanley Collins and Mr. Ray 
Foos. The Gage Control group met 
April 1, 1946 to hear a very inter- 
esting presentation by Mr. Emmett 
W. Moore of Ritter Dental Com- 
pany, Inc. on “Wear Allowances on 
Screw Thread Gages.” The new 
officers of the Gage Control group 
for the ensuing year are: Chair- 
man, William L. Myers, Gleason 
Works; Co-Chairman, P. Fishback, 
Graflex, Inc. 


SAINT LOUIS SECTION AMERICAN 
SOCIETY FOR QUALITY CONTROL 


The St. Louis Secretary writes us 
that he will vote for a 48 hour day 
so that his chapter can catch up 
on their homework—constitution 
writing, committee appointments 
and development, executive meet- 
ings, minutes and now as an active 
member representing his chapter 
of the Second Midwest Quality Con- 
trol Conference Program. Mr. Ma- 
daus of the White-Rodgers Electric 
Co. made a flying trip to Chicago 
to extend his chapter's assistance 
where it can be of most value 

It is also reported that this chap- 
ter is growing now having 34 
members — rate of growth is natur- 
ally slow, but results already indi- 
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cate a more rapid growth in the 
fall. 

At the May 17 meeting the 
chapter felt very fortunate in hav- 
ing Mr. C. W. Kennedy of the Fed- 
eral Products Corp. His talk cov- 
ered brief pictures of various ap- 
plications and results of Quality 
Control and was labeled “Some 
Random Samples of Quality Con- 
trol.” For the most part very little 
reference or discussion was given 
to statistics. Let's say it was a very 
practical, easily understood, and 
most interesting informal type of 
talk. The meaty and varied appli- 
cations of Quality Control were just 
the thing that was needed to a- 
waken the audience to the realiza- 
tion of the untold limits and value 
of a Quality Contro! Program. This 
chapter highly recommends this 
speaker because of his vast ex- 
perience and because the subject 
matter is the type needed by all of 
us — but more so by the new and 
younger societies. 


SOCIETY FOR QUALITY CONTROL, 
NORTHEASTERN INDIANA 

The Society's meetings are held 
the second Wednesday of each 
month at 8 p.m. at the Purdue Uni- 
versity Center in Fort Wayne. All 
out of town Society members are 
cordially invited to attend our meet- 
ings when in this area. 

At the February 13 meeting, Mr. 
L. E. Quinnell, Magnavox Com 
pany, spoke on “Management 
Points of View Relative to Quality 
Control.” Mr. J. M. McDowell dis- 
cussed “The Application of Statis- 
tical Methods to Analyze the Qual- 
ity of Resistors vs. Vendors.” 

At the March 13 meeting, Mr. R. 
D. Long, International Harvester 
Company, opened the discussion on 
“Quality Control as Pertains to 
Automotive Gears,” and introduced 
Mr. Ray Snyder who presented a 
very vivid demonstration of proper 
gear design and cutting. 


SOCIETY OF QUALITY CONTROL 

ENGINEERS OF CALIFORNIA 

The Society held a dinner meet- 
ing at Hotel Mayfair in Los Angeles, 
June 13 

A special program was arranged 
with Professor Eugene L. Grant of 
Stanford University os guest 
speaker. He spoke under the title 
“Statistical Quality Control in the 
Manufacture of Consumers’ Goods 


He told of the recent quality control 
developments in the textile and 
food industries. He also traced the 





growth of statistical quality control 
in the country as a result of the 
numerous statistical quality control 
courses offered during the war. 


NEWARK SOCIETY FOR 

STATISTICAL QUALITY CONTROL 

On May 23, the Society held a 
joint meeting with the Society for 
the Advancement of Management, 
Northern New Jersey Chapter. The 
Chairman of this meeting was Pro- 
fessor J. M. Juran of New York 
University. Frederick J. Halton, 
Jr., Deere and Company, spoke on 
“Presenting Quality Control to 
Management.” The discussion per- 
iod, which followed, was led by 
D. F. Copell, Wagner Baking Cor- 
poration, and Ralph E. Wareham, 
National Photocolor Corporation. 


SOCIETY OF QUALITY CONTROL 
ENGINEERS OF BUFFALO 

The Buffalo Society met in St. 
Vincent's Hall, Niagara University, 
on Monday, June 24th. Rolly W. 
Fitch, Chief Engineer of the Auto- 
Lite Battery Company, was the 
chairmon on this occasion. 

The first speaker was Myron 
Cory of the National Carbon, who 
talked on Control in Non Mass Pro- 
duction Operations. He told how 
in processing graphite electrodes, 
statistical applications had in one 
yeor improved control, saved con- 
siderable time in locating sources 
of trouble, and enabled his corm- 
pany to foresee and prevent scrap 
on one item amounting to $15,000. 

The second speaker, Vernon 
Grom, secretary of the Buffalo So- 
ciety, talked on Special Applica- 
tions of Control Chart Principles. 
He outlined the Demerits Per Unit 
method of reporting quality as de- 
veloped by the Westinghouse Elec- 
tric Company. 

H. J. O'Connor of the Electro 
Metallurgical Company, Niagara 
Falls, New York, concluded the pro- 
gram with a talk on the relation- 
ship of the i and the e to the Aver- 
age and Standard Deviation of the 
Binomial Distribution. Mr. O’Con- 
nor pointed out that the use of the 
i and e to shorten certain mathe- 
matical computations would un- 
doubtedly be a requisite part of 
the equipment of future quality 
control operators. 

The Society voted to have forums 
in the future for those who have 
control problems of a specialized 
nature and who would benefit by 
a discussion of mathematical de- 
velopments. 


INDUSTRIAL QUALITY CONTROL 





American Society News 


EXECUTIVE COMMITTEE MEETS 


The Executive Committee of the 
American Society held a seven hour 
meeting at the Harvard Club in 
New York on 22 May, 1946. Pres- 
ent were Messrs. George D. Ed- 
wards, Andrew |. Peterson, Ralph 
E. Wareham, Charles J. Hudson, 
Wade R. Weaver and Frederick J. 
Halton, Jr. Reports from the Ex- 
ecutive Secretary, from the Treas- 
urer and from the Chairman of the 
Editorial Board were considered 
and accepted. A large number of 
matters came up for discussion, and 
several of the decisions reached 
will be of immediate interest to the 
general membership of the Society: 


Advertising In Industrial 
Quality Control 

The Executive Committee unani- 
mously approved appointment by 
the President of a Committee on 
Professional Ethics and Qualifica- 
tions. The matter of personal con- 
sultant advertising in INDUSTRIAL 
QUALITY CONTROL was referred to 
this new Committee for study and 
recommendations. The Executive 
Committee decided that no personal 
consultant advertising will be ac- 
cepted until it has received and 
considered these recommendations. 
In the meantime, the Editorial 
Board and the Committee on Pub- 
licity and Public Relations are urged 
to be aggressive in their search for 
advertising of types which are cur- 
rentiy acceptable. 


Recognition of New Local Societies 
The Executive Committee agreed 
that the welfare of the American 


Society as a whole will best be 
served by encouraging the strength- 
ening of all local groups, old and 
new. Exclusive assignment of rel- 
atively large geographical areas 


to local Societies was felt by the 
Executive Committee to be of ques- 
tionable advisability. It was agreed 
that the legitimate desires of local 
members must be recognized ir- 
respective of present territorial as- 
signments, so that if a local group 
of some roportions wishes to 
form itself into a society, an exist- 


ing Society whose primary activi- 


ties are in a more or less separate 
locality should not ordinarily pre 
vent such action. 
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A tentative decision was reached 
that the area to be exclusively as- 
signed hereafter to a local Society, 
would ordinarily be limited to that 
within about fifty miles of the head- 
quarters of that Society. At the 
same time however, it was agreed 
that local circumstances would 
probably dictate rather flexible ad- 
ministrative interpretation of the 
fifty-mile rule,—so that substantially 
larger sparsely settled areas might 
be assigned to individual Societies 
where desirable, while large metro- 
politan areas might in some cases 
even be divided among two or 
more Societies. 


Local Society Fiscal Years 


The Executive Committee unan- 
imously decided to urge all local 
Societies to make their fiscal years 
coincide with that of the American 
Society,—that is, to begin on 1 July 
and terminate on 30 June. 


Local Society Names 


The point was brought out that 
three of the local Societies had 
names which did not identify them 
in any way with the localities in 
in which they operate. This has 
led, in a number of instances, to 
the mistaken conclusion that these 
Societies are in competition with the 
American Society. One of these 
Societies (Michigan) has recently 
changed its name so that it has 
overcome this objection. The Ex- 
ecutive Committee felt that the re- 
maining two Societies should _in- 
dividually seek early solution to the 
problem by incorporating into their 
names suitable reference to the lo- 
cality with which they are identi- 
fied 


Reference to the local Societies 
as “chapters” or “groups” of the 
American Society was not looked 
upon with favor by the Executive 
Committee. Their designation as 
“Sections” of the American Society 
was generally endorsed,—it being 
pointed out that this procedure is 
followed by the American Institute 
of Electrical Engineers and by sev- 
eral other national organizations. 
lt was agreed that the executive 
head of a “Section” would best be 
designated as its “Chairman” 
rather than its “President.” 


American Society Emblem 

The Executive Committee adopted 
as the emblem of the American So- 
ciety, the greek letter sigma with 
the name of the American Society 
around its periphery and with a 
replica of a quality control chart 
in its central portion. 


American Society Convention 


The Executive Committee looked 
with favor on the suggestion that 
a general meeting or convention of 
the American Society be held some 
time after the beginning of 1947 
It was first proposed that this gen- 
eral meeting be combined with the 
Annual Meeting of the Society. It 
was pointed out, however, that the 
Annual Meeting must be held on the 
fourth Friday in June, and that this 
date could be changed only by 
amendment of the by-laws which 
would be undesirable. It was 
agreed that the preferred time for 
any general meeting would be dur- 
ing the winter or early spring sea- 
son—well before the approach of 
warm weather. The Executive Com- 
mittee referred to the President the 
matter of developing further ar 
rangements for a first Convention 
of the American Society to be held 
in a suitable mid-western city some- 
time during the preferred period 
mentioned. 


Additional Local Societies 


Affiliated 
During the past two months, 
three additional Local Societies 


have become Sections of the Amer 
ican Society for Quality Control, 
Viz 

Western Massachusetts 
for Quality Control. 

Society for Quality Control 
Northeastern Indiana 

Hartford Society for 
ment and Control 

In the meantime, the Northwest 
ern Society has been merged into 
the Chicago Society, so that the 
American Society is NOW composed 
of twenty-two Local Sections 

The three new sections mentior 
ad above, together with the 5S! 
Louis Section, have still to desia 
nate their members on the Boar 
of Directors of the American 
c ely 
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CONTROL DIMENSIONAL 
QUALITY at Lower Cost 


IMPROVED MODEL 


DIAL INDICATORS }\\ 


Cushioned Movement If Desired 


USE DIAL INDICATORS 
FOR INSPECTING — 


Adjustments 
Alignment 
Angularity 


Balance Betklash 


Contour 
Clearance 
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Cutting-tool Setting 
Compression 
Concentricity 
Deflection Contraction 


Deformation 
Depth 


Elongation 
End play 
Expansion 
Flatness 


Eccentricity 


Hardness 
Height 
Inside Diameter 
Length 


Load 
Machine movements 
Outside Diameter 
Parallelism 
Pressure 


Relative location 
Roundness 

Runout 
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' Spacing 
Squareness 

Straightness 

Strain 


Taper 
Thickness 
Torque 
Vibration 
Width 
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WITH—(1) Plain Bearing Movement 
(2) Regular Jewelied Movement 
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Obtain the double-barreled advantage of lowered cost and improved 
output by simplifying both “in-process” checking and final inspection 
with Federal Precision Dial Indicators. 


Analyze your manufacturing and final inspection procedures with 
these things in mind:—Are you using old-style or hastily improvised 
methods that are slow, costly and perhaps not as dependable as you 
would like? Is the percentage of rejects at final inspection or at assembly 
higher than it should be? Does work bottle-neck at the inspection point? 


These and many other profit-eating troubles can be corrected with 
Federal Dial Indicators, the fool-proof inspection units that increase gag- 
ing speed and eliminate the element of human variation. 


Write for further information on new and improved gaging methods 
to— 
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